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WHAT IT IS - HOW TO USE IT

.1 WHAT IT IS

AUERBACH Data Communications Reports is an analytical reference service that provides
the information you need in order to understand and apply the current technology and new
developments in the most rapidly expanding area of the information processing field — data
communications. The facts and objective appraisals in this service will help you to select
and operate the facilities that will most effectively meet your data communications require-
ments. All of the information is arranged in standardized formats to permit rapid references
and facilitate comparisons. Regular supplements keep you informed of significant new de-
velopments in the field.

AUERBACH Data Communications Reports is an extremely useful tool for every user and
potential user of data communications systems. Like most tools, it can be used effectively
or ineffectively, depending upon the user's understanding of the techniques involved. To
ensure that all of the information in AUERBACH Data Communications Reports can be ef-
fectively employed in solving your data communications problems, we strongly recommend
a thorough reading of the remaining material in this "What It Is — How To Use It" section.

.2 STRUCTURE AND CONTENTS

AUERBACH Data Communications Reports is arranged in a looseleaf format with an open-
ended numbering system to facilitate additions and revisions. The service currently con-
sists of six major sections, identified by the divider tabs. Each section is subdivided into a
series of reports on closely-related subjects, and most of the reports are further divided
into numbered paragraphs. Brief explanations of the contents and purpose of each major
section follow.

.21 Reference Guides

The Reference Guides section includes the report you are now reading and a detailed Index.
This material is designed to help you to utilize, as effectively as possible, all of the valuable
information and advice that AUERBACH Data Communications Reports contains. The Index,
arranged in straightforward alphabetical order, will guide you quickly to all the pertinent in-
formation about any specific device or general concept.

.22 System Design

The System Design section presents clear-cut explanations of all of the basic concepts and
techniques that must be understood by the designer (or informed user) of a data communica-
tions system, plus expert guidance in the procedure for defining system requirements and
selecting communications facilities, terminal equipment, and processing equipment. Empha-
sis is placed upon the numerous possibilities for design "'trade-offs, ' and upon the many
ways in which the infuimation in AUERBACH Data Communications Reports can be profitably
applied throughout the system design process.

.23 Common-Carrier Communications Facilities

This unique section contains detailed, quantitative information about one of the most important
yet least understood aspects of the data communications field: the wide variety of communi-
cations facilities and services offered by the common carriers such as the Bell System and
Western Union. Because of the numerous types of available facilities and the complexity of
the applicable tariffs, definitive information about the capabilities and costs of these facilities
is extremely difficult to obtain. The Common-Carrier Facilities section of AUERBACH Data
Communications Reports — the product of an intensive study of the available facilities and the
pertinent tariffs — overcomes this problem by defining the import=nt characteristics, includ-
ing illustrative costs, of each type of facility. To systematize and clarify the presentation,
common-~carrier facilities are divided into three major classes: narrow-band, voice-band,
and broad-band. Each class is further divided into leased facilities, public switched services,
and ''packaged" multistation systems.
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Comparison Charts

These charts summarize, in formats designed to facilitaté objective comparisons, the princi-
pal characteristics of commercially-available data communications equipment. The Com-
parison Chart entries describing Communications Terminal Equipment (page 4200:01) and
Communications Processing Equipment (page 4400:01) have been extracted directly from the
detailed Equipment Reports in the last two major sections of AUERBACH Data Communica-
tions Reports. The entries in these charts are quite comprehensive and largely self-explana-
tory, but the serious user is urged to turn to the detailed Equipment Reports to ensure that
no important characteristic which could not be included in the Comparison Charts section is
overlooked. Also included in the Comparison Charts section are summaries of the data sets
available for use with common-carrier facilities (page 4600:01) and of the versatile line of
data communications equipment manufactured by Teletype Corporation (page 4800:01).

Communications Terminal Equipment

The reports in this section provide detailed information on the characteristics, performance,
features, limitations, and costs of individual commercially-available data communications
terminal devices. This category of equipment includes:

e Input/output devices that can serve as an interface between human operators and a
communications line.

o Single-line communications terminals for general-purpose computers.

® Small general-purpose computers than can function efficiently as remote terminals
for larger computer systems.

The Communications Terminal Equipment Reports are arranged in alphabetical order by
manufacturer. Each report has the same standardized format to facilitate comparisons and
ensure that no important characteristic will be overlooked. A Users' Guide (Report 6000),
keyed to the Equipment Reports by means of corresponding paragraph numbers, explains the
meaning and significance of each of the standardized report entries. Regular references to
the appropriate Users' Guide entries will help you get the most out of the detailed informa-

‘tion in the individual Equipment Reports.

Communications Processing Equipment

This section contains a series of reports that provide detailed information on the characteris-
tics, configurations, performance, limitations, and costs of individual U. S. -manufactured
communications processing devices. This category of equipment includes:

e Freestanding communications processing systems with self-contained memory,
processing, and input/output facilities.

® Multi-line controllers that enable multiple communications lines to be connected
to a general-purpose computer system.

The Communications Processing Equipment Reports are arranged in alphabetical order by
manufacturer. To facilitate comparisons and ensure that no important factor is overlooked,
each report has the same standardized format. (Note, however, that the format of the Pro-
cessing Equipment Reports is quite different from that of the Terminal Equipment Reports,
as it must be to reflect the different functions and degrees of complexity of the two categories
of equipment.) A Users' Guide (Report 8000), keyed to the Equipment Reports by means of
corresponding paragraph numbers, explains the meaning and significance of each of the
standardized report entries.

(Contd.)
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.3 REGULAR SUPPLEMENTS

Your copy of AUERBACH Data Communications Reports will be kept comprehensive and up to
date by means of quarterly supplements. Each supplement will contain new reports on re-
cently-announced data communications equipment, services, or techniques, and/or revised
versions of previously-published reports to reflect changes in equipment characteristics and
in the state of the art. A summary of the important new information and easy-to-follow
filing instructions aecompany each supplement. We recommend that you set up a standard
procedure to ensure that each new supplement will be filed promptly and accurately.

.4 THE NUMBERING SYSTEM

Throughout AUERBACH Data Communications Reports, each report is identified by a unique
four-digit report number. The report number constitutes the first four digits of the page
number at the top of every page within a given report. For example, the pages of Report
3200, Voice-Band Facilities, are numbered 3200:01, 3200:02, 3200:03, etc.

The basic unit of reference for material in AUERBACH Data Communications Reports, how-
cver, is not the page, but the paragraph. Referencing by paragraph number rather than by
page number permits standardized report structures, ease of cross-referencing, simplicity
of indexing, and convenient supplementation.

Every paragraph number consists of one, two, or three digits preceded by a decimal point.
For example, Paragraph .3 of every Communications Terminal Equipment Report is titled
"Input'' and contains a description of the equipment's data input facilities; Paragraph . 31

(a subdivision of Paragraph . 3) is titled '"Prepared Input" and describes the facilities for
accepting input from previously-prepared media such as punched cards or tape. To look up
the IBM 1050 Data Communications System's facilities for Prepared Input, you simply turn
to Paragraph 6447.31; i.e., Paragraph .31 of Report 6447. (The proper report number for
any specific equipment can be quickly located in either the sequentially-arranged Table of
Contents on page 0100:01 or the alphabetically-arranged Index on page 1400:01.)

All report numbers, paragraph numbers, and page numbers throughout AUERBACH Data
Communications Reports are strictly sequential, although there are many "'gaps,' or omitted
numbers. These gaps help to keep the service ""open-ended" by facilitating the insertion of
new material in the most appropriate places.

.5 DERIVATION AND RELIABILITY

AUERBACH Data Communications Reports is prepared and edited by experienced technical
personnel, all of whom are members of the Technical Statf of AUERBACH Corporation.

In gathering, analyzing, and evaluating material for these reports, our staff starts with the
specifications and manuals issued by the equipment manufacturers and other reliable sources.
Extensive amplification and clarification of the generally-available specifications are usually
obtained through visits to or correspondence with the manufacturers. The procedures that
are involved in deriving certain standardized report entries from the manufacturers' speci-
fications are clearly explained in the corresponding Users' Guide entries. Every effort is
made to adhere to consistent terminology throughout AUERBACH Data Communications Re-
ports; therefore, some of the terms used in our reports on a given manufacturer's equip-
ment may, of necessity, differ from the terms used in the manufacturer's own literature.

Every report describing a specific manufacturer's equipment or services is sent to the
manufacturer for review prior to publication. We invite the manufacturer's comments re-
garding the completeness and accuracy of the report. Where differences of opinion exist
between a manufacturer and our staff, however, AUERBACH Data Communications Reports
always reflects the opinion of our staff.

Where insufficient specific data is available, estimates may be used. All estimates or ap-
proximations are clearly identified as such. Where specific data is unavailable and an esti-
mate is considered impractical, a question mark (?) is inserted in the published report to
indicate that the manufacturer was unable or unwilling to supply the requested data.
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HOW TO USE THIS SERVICE EFFECTIVELY

The information in AUERBACH Data Communications Reports can meet many different needs,
and you are likely to find new applications nearly every time you open it. A thorough read-
ing of the System Design and ' Common-Carrier Facilities sections and of the two Users'
Guides amounts to a concentrated course in data communications technology. The possibili-
ties for casual yet rewarding '"browsing' are virtually unlimited. Most of your data communi-
cations information needs, however, will probably fall within one of three classes:

(1) Information about a specific device or concept is needed. How can it be located
quickly.?

(2) Suitable data communications equipment must be selected for a particular applica-
tion. How can the relevant equipment characteristics be determined and compared?

(3) A data communications system must be designed or modified. What are the recom-
mended design procedures, and how can the necessary information be obtained?

The recommended procedures for using AUERBACH Data Communications Reports to help
you solve each of these three types of problems are outlined in the following paragraphs.

Locating Specific Information

To locate the information pertaining to any specific device or concept, the Index (page
1400:01) should always be your starting point. Arranged in straightforward alphabetical
order, the Index will guide you quickly to the exact report and paragraph that contains the
information you need.

Selecting Data Communications Equipment

The standardized format of AUERBACH Data Communications Reports is particularly valuable
in the selection of equipment. First, turn to the Equipment Selection report (page 2300:01)
for recommended selection procedures that will help you relate the equipment characteristics
reported in AUERBACH Data Communications Reports to your specific requirements. Second,
refer to the Comparison Charts of Communications Terminal Equipment (page 4200:01) or
Communications Processing Equipment (page 4400:01) for summaries of the important char-
acteristics of individual devices. The Comparison Charts will help you to determine quickly
which of the numerous available devices are potentially suitable for your needs.

The devices that survive this "screening' process should now be studied in greater detail by
turning to the appropriate Equipment Reports. The number of the Equipment Report des-
cribing any specific terminal or processing device can be quickly located in any of three
places: the Comparison Charts, the Table of Contents, or the Index. Whenever you use the
Equipment Reports, remember that the meaning and significance of every standardized report
entry are explained in the correspondingly-numbered paragraph of the appropriate Users'
Guide (page 6000:01 for Communications Terminal Equipment or page 8000:01 for Communi-
cations Processing Equipment).

Designing a Data Communications System

When a new system must be designed or an existing system modified, the System Design
section, beginning on page 2000:01, should be your starting point and your constant guide.
The System Design section explains the basic concepts and techniques involved in data com-
munications. It also furnishes clear-cut procedures for defining system requirements,
selecting communications facilities, evaluating error control techniques, and selecting both
terminal and processing equipment. The manner in which other information in AUERBACH
Data Communications Reports can be effectively employed in all phases of the system design
process is clearly explained.

AUERBACH Data Communications Reports
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This Index, arranged in straightforward alphabetical order, is designed to guide you quickly to the
information pertaining to any specific device or concept described in AUERBACH Data Communica-
tions Reports. Please note that all index entries are expressed in terms of report numbers (the
first four digits) and paragraph numbers (the digits, if any, to the right of the decimal point).
Where no paragraph number is included in an index entry, the entire indicated report is devoted to
the subject device or concept, Although page numbers are not directly shown in the index entries,
you will find it easy to locate specific material because the report number constitutes the first four
digits of every page number.

Index entries that reference Report 6000 (Users' Guide to Communications Terminal Equipment) or
Report 8000 (Users' Guide to Communications Processing Equipment) havc a special significance.
Each reference to Report 6000 or Report 8000 indicates that: (1) a general discussion of the concept
will be found in the indicated Users' Guide paragraph, and (2) the manner in which the concept is
implemented in individual data communications devices is discussed in the correspondingly-num-
bered paragraph of the appropriate Communications Terminal Equipment or Communications Pro-
cessing Equipment Reports.

access line, WATS, ., ... .............. et 3200, 32
access time, mass storage ,,..... e e e e e e e e e e . 8000.222
acousticalcoupler . .................. e e 3200, 31
ACTS, Western Union., , ,............ e 3100.32
adapter, communications . ...........000000000..... 8000,21
8000, 24
8000.17
addressing . ............0000unn e 6000, 74
8000. 31
Administrative Terminal System/360 Program, IBM 2702 . ... 8443.41
Alden 18 Alpurfax Facsimile System , , , ., e e e e .. 9032,
Alden 18 Alspeed Alpurfax Facsimile System e et e ee .. 9033,
Alden 11 Docufax Facsimile System ..... c e e e ... 9031,
Alden 2 Signature Verification Facsimile System e s eeees.. 9030,
Alphanumeric Display Terminals ., ................. ... 4220,
American Standard Code for Information Interchange ... .... 6804.3
American Telephone and Telegraph Company ., ............ 3000.1

amplitude . . ... ittt e e i it et 2100, 1

amplitude distortion . . . . ... ... .00t teeeenrnae... 2200.24
amplitude modulation ., ........cc0ivieeoecneees... 2000.35
Anderson-Jacobson Telephone Coupler Data Sets ., ........ 4640,
answer-back . . . ... ot ittt ae.... 2100.21

2200. 46
applicationclasses. . . .. ... v ivevecsocnaosas., 2000.4
application package .........0000eteoeeceoneses... 8000.41
applications . ....¢ceeeeeeeescececocscsceroncessss 2000.4
Applications Program System, Collins Data Central e eeoe.. B8100.,41
arithmetic .......cceeeeeeteeeeeeerocsesnsssoss 8000,32
ARQ ® & & o 9 0 4 6 6 0 0 0 9 O 5 O S 0 6 0 6 0 s e 0 00 00 ® & 9 o ¢ 0 O & o o 2200046
ASCIL ...ttt vt veeesoeoossceseososnoesessoesess 68043
ASCII Control Unit, UNIVACDCT 2000 ,......v0000.0.... 06863.15
ASR Set, Teletype COrp .. ....cvveeeevoossesosesss. 4240,
assembler .., .....c0000 et eness.. 8000.42
associated computer System ., .....c0000c00000e000.. 8000,23
AT&T ® & & & @ o 5 & 0+ 0 5 0 & 6 6 O 6 5 0 0O O & O 0O & & s 0 0 0 0 PO 8 e s 0 0 o0 300001
AT&T Touch-Tone Handset . .. .. .. oo eeeeososoosooocoes 06040,
audio TESPONSE ., 4 e e oveeoeeeocoooooosssssesseoss 8445,

8446,

8703.
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Audio Response Unit, IBM 7770 .. ...
Audio Response Unit, IBM 7772 ., ...
AUERBACH Standard EDP Reports ce
Auto-Call, IBM 2702 ..........0vee..
Auto-Call Adapter, IBM 2703 e e et e e e
Automatic Call Adapter, IBM 7740 ,,......
Automatic Computer TELEX Service ,,.......
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8440, 21
3100, 32
8860, 21
4620,
6454.15
8443, 54
6000, 17
8000, 17
8000, 222
2100, 24
2100.1
8443, 42
6802, 3
3000, 1
3100.43
3100, 43
3100, 42
3100, 42
3100, 42
3100, 42
3100, 42
3200.31
4600,
3200, 51
6800,
6801,
3100, 31
3300, 21
3200, 32
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8444, 15
6000, 71
8000, 7
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3300,
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3300, 31
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Burroughs B475 Disc FileStorage . . .. ..cvvvu v ... 8070,234

Burroughs B 487 Data Transmission Terminal Unit (DTTU) ... 8070,
Burroughs B5500 EDP System . .......cc000000000.... B8070,23
Burroughs Common Language code (BCL) .......v000...., 8070,7
Burroughs Data Transmission Subsystem .,............. 8070.15
Burroughs Input and Display System .. ...+ 0000020 eee... 6071,
Burroughs Multi-Line and Terminal Unit Control e eeseeas. B0TL,
Burroughs Single- Line Control et esessesaessseess. 6070,
call initiation ............. .0 et etenesssans.. 600073
8000, 31
call reception . . ....c.'vieeteersonsenscecesessss 600073
8000. 31

Card Random Access Memory, NCR ........cce00000... 8560.234
carrier tranSmission .. ... .. 00ttt 2000,35

3100.1
Cathode Ray Tube (CRT) Terminals ..,......0o00000..... 4220,
CCI CC-30 Communications Station. . . ................. 6125,
CCM, RCA......... c et e e s e st ecesereeeesesss 8702,
CDC 160-A Computer System .. ....cco000000000s.... 8140,15
CDC 210 Inquiry Retrieval System ........0000eeeee... 4220,
CDC 211F Entry/Display Station . ......c0eeeeeeer.... 4220,
CDC 212 Inquiry/Retrieval System . . ... ..u000ceeee.... 4220,
CDC 217 Remote Single Station Display . ... o0 v e o0 v v ... 4220,
CDC 3000 Series Gomputer Systems . ... ..ee000000.0.... 8140,23
CDC 6000 Series Computer Systems , . . v v v evoeeeeeso... 8140.23
CDC 8050 Information Control System ., .. ... 00 0eeuewesn . 8140,
CDC 8076 Communications Terminal Controller ,,.,........ 8140,
CDC 8090 Computer SyStem .., ., ..o eeenosessesosss.. 8140,
Central Communications Controller, NCR Wit esessaeeess. 8560,
centralcontrol ............. ceesecseecsecsesss. 8000,3
Channel Interface, Second, IBM 2701 s e s e e e e e s e seseees. 844225
character mode, Honeywell’)86 U - 2 1: 3 T
characterparitycheck........... ce e s eeeeeseeess. 2200,43
character set ........cecveeeeveveesossnceessssss 600031
6000, 32
6000, 4
circuit switching ... ... .00 et it ettt erecaess. 2400,2
8000, 34
circuit switching systems .., ..... .. 00t vvsveseecses.. 3100,44
CMC, RCA 301 ..o teeeeeeeeeeocosononaaraesess 8T00,
CMC, RCA 3301 ...ictveeeconnosossssansansnoass, B8T01,
code, INPut . . . v oo v ettt ittt rs et rnsseeeaseses 600031
code, OULPUL . . ..o vt e v v et onncernnecersncasnss. 60004
code, tranSmMission .........ccc0cev00teeceeccccs.. 600071
8000, 7
codetranslation ........c00cceveevesvensecesessos B8000,32
COGENT II Assembler, Collins Data Central .......0..... 8100,42
COIL, GEDATANET-30 . . o v vt e v v o eeooosososasssess B8320,42
Collins C-8401 Communications Processor .............. 8100,
Collins Data Central System .......ccc000veseseses.. 8100,

Collins Data SetS . . v v v v oo 00006 seosossocncesancoss 4620,
COMMA, GEDATANET-30 . ... .0 00t 0o 8320, 42

COMMON CATTICT . 4 v v v s v oo oo oo novoosesosc . .. 3000,1
common-carrier data sets, comparison chart ..,...... .. 4600,
‘common-carrier facilities. . . .. ... i et e. .. 3000,
Common Language code (BCL), Burroughs .............. 8070,7
Communication Control Package, IBM 7740 .......... .. B8440,41
communications adapter . ........c0c0 000000000000, 8000,21
8000, 24
8000, 7
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Program Logic Unit, Collins C-8401........¢c00¢c000.... 8100,32
programmed error checking. . « . v v v v cv v v vt e sensess.. 2200,47
programming language .. ... .. c0 00000 00c0 0000000 s.. 8000.42
protection, MeSSAZE . . v v v v o eevcooeoosenceeconseess 2400,5
public telephone network ., . . . v i v it ecr et raeansa.. 3200.31
public telegraph message network . ., . v v v v v e v oo ooeseoess 3100,33
purchase price . .....ueceeeeeeevosoescosocesosass 60009

8000.9

push-button telephone , ., ......¢co ettt eeveoecosseoss.s 6040.15
PWS TELEX | ittt eeeteeeeseosocososnsssnoseesss 3100,44

QTAM, IBM 2702 .o vevvevensssseoasssssnnoscesss B8443.42
Queued Telecommunications Access Method (QTAM),

IBM 2702 . ..ttt i it e tetonnnooasocannannssessss B8443,42
QUEUINE . ..o iveeveovnuonsnooossscosassasesess 2400.4

Radio Corporation of America .. .....00000esece0cees.. Se€e RCA
random-access StOTAZE . v v o o v s v o s eosessoseossesss. 8000, 222
ratedinput speed . . ... vt i i n et e neeaee.... 600031
ratedoutput speed . ... .. i ittt it er et eceseaonsese. 6000.4
rated transmission speed. . . ... 0. 0 it enc e e.. 6000,71
8000, 7
Raytheon DIDS-400 System ., . ....ceeeveeeessoeacee.. 06735,
RCA 70/510 Voice Response Unit ., . .o v v ovoeoeseeosas. 8703,
RCA 70/653 Communication Control . t i eeeesness. 6700,
RCA 70/668 Communication Controller-Multichannel (CCM) ... 8702,
RCA 70/700 Series Communications Buffers. ... ....00.... 8702,154
RCA 70/752 Video Data Terminal ., t et e s eseseecasss 6702,
RCA 301 EDP SyStem .. v v ot v ot eoosoocseceoeseesss 8700,23
RCA 378 Communications Mode Control. . ......cc000.... 8700,
RCA 3301 EDP SyYStem . . e voeeeeeeeoocsossssoacessss 8701,23
RCA 3378 Communications Mode Control ., .....00¢000.... 8701,
RCA 6051 Video Data Interrogator .......ecooeeeeee... 4220,
RCA Spectra TO EDP SystemsS . ... .eeoveeeeeceeceoess. 8702,151
RCA Video Data Terminals ., ...vveeueceveconeesess, 8701,24
RCA Voice Response Systeém . ... s ceeeeseeeseosossassss8703.15
read-after-writecheck . . . . v . v v vt v v ececrsenanses.. 8000,51
REALCOM Assembly System, RCA 3301 .....0.0c00.0.... 8701,42
. real-time fileupdating .. .......00 000 teceeoses.. 2000,43
Receive First Character Control Mode, IBM 1978 teeeoses.. 644515
Receive Print Mode, IBM 1978. ... .. ..o eeeeeesososss 644515
Receive Punch Normal Mode, IBM 1078 L vt eeeveeoeseeeas. 644515
Record Checking, IBM 2740, , . ... .v v cvveecoeeeoess.. 06454.15
recording density. ... v it et e et eeecocseesos. . 8000,223
redundancy check .. ....uiveoeeeeroeenccnsenoesss 2200,43
6000.5
8000, 5

reference StOT€ . o v v oo s e v o e eassvecoscssaccessoss. 2400,6
regulating agencies . .....cceceeeeeeeescoccsecases. 30001
reliability. . . o vve i e it e e ettt e e eeee... 2100.24
2200, 1
remOteterminaIS ® 6 0 % 06 0 0 8 06 0 0 0 9 0 0 0 0 0 0 000 s 0 0 00 0 e s e 8000.24
rental Price .. ... ceetveeccncscccotcsseseeeasss 6000,9
8000.9
reportmgfaCilitiesoaooooo--o..ooooaooo.ooo.'uoo-o 8000061
representative configuration, , . .........cccc0ct0e.... 8000,25
retransmisSsion . ... ot eeececcconcsccscsccrcseeas. 2200.46
6000.5
8000,.5
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reverse channeloperation ..........c.0000eeeeee... 6221,15
RFLDataSets ........... e ettt .. 4620,
Rixon Data Sets . ..... e oo ee.. 4620,
RO Set, Teletype Corp. . . ..t oo oo veeeosenneenessn. 4240,
rotary-dial telephone ............cc0.ve.. e vee... 6040,15
Sanders 620 Stand-Alone Data Display System,............ 6744,
Sanders 720 Data Display System . .. ......0v0e0eeewe.... 6745,
Scanner/Selector Unit, UNIVACCTMC .......vc0e....... B8860.15
scantime.......... ettt et e eeeee.s. 8000,.332
scanning. et e e et eaeaeaeesa.. 8000.332
selection procedure commumcatlons facilities ....... .... 2100.2
selection procedure, communications processing equipment . .. 2300.2
selection procedure, communications terminal equipment. . ... 2300.1
selective calling . .............. e eee s eaesaas.s. 6000.74
8000. 31
selective calling system ., .. .. et eneseseess. 3100.41
Selector Channel, IBM System/360 et “ e e.... B8443.3
Selective Character Set, IBM 1978 ., ot e e et e e e e e 6445.15
Selectric Typewriter, IBM 2740 ,,...... e e e e e v.... 6454.15
Selectric Typewriter, IBM 2741 ., ., ...+ ¢ vt 0o sesevess.. 06455,15
Send First Character Mode, IBM 1978 . .....¢¢.0ve00.... 6445,15
Send Binary Mode, IBM 1978 . .. ... .. v .t eeveseessss. 0644515
Send Normal Mode, IBM 1978 ., ., .. ...+ ¢ eevoeeeoessos. 0644515
single-line communications controller ,................ 6000.1
simplex transmission . . . ... ... ittt 2000,31
simultaneity . .......c0ei it v eneeneenn eeeeeesaes. 8000,225
site requirements .......... et eei et asesese.. 6000.8
8000. 8
slab, NCR 315 EDP SystemsS ., .., ....... . ceeees.. B8560,233
software. ...... et ettt e e e e e 8000.4
source coding .. ... ...0.ii0ieeei e nsaeaaaaoe.. 8000,42
Sperry Rand COTrp. . . v v e v vt et v veeenncecenenesess.. SeeUNIVAC
standard program package. ... .....0. 0. seesoeses. 8000.41
start/stop synchronization. , ............c.0eevee.... 6000, 71
8000. 7
steady linenoise . ............ - [ U3
storage Ccapacity. . . . v o v v vttt et eneseoseeass. 8000,221
8000. 222
store-and-forward message switching . . . ............... 2400.2
3100. 43
Station Control, IBM 2740 . , . v v v v et vt oo s oo voseeeess, 0454,15
Stewart-Warner Dial Datafax . .......c0000eeeeeeees. 9280, ,
Stewart-Warner Private Line Datafax .................. 9281,
stored logic, Collins C-8401 ., ., .....c0o00eevesvoesss.. 8100,32
STRAM, IBM 2702 . . ..ttt tovvencooonnos e e .. 8443.42
Stromberg-Carlson S-C 1100 Inquiry Display System e e e e 4220,
subroutine ., ............ C e e e e et e ... 8000.43
switched broad-band services ...... et e e es. 3300.3
switched narrow-band services . ......... 0000 .. «se. 3100.3
switched voice-band services . ............. . ... ... 3200.3
A switching . .......... . e 8000. 34
switching center . ......... et e ceeeeee.. 2000.45
2100. 23
2400.
synchronization . . .. .................... e ... 6000.71
8000. 7
synchronization unit . . . ... ... ... i e 2000. 34
AN Synchronous transmission . . . . ... v vttt ittt ee oo 6000, 71
8000.7
System 100 Parallel Sender, TallyCorp. . .......... e.... 06760.15
System 100 Serial Sender, TallyCorp. ........v.cvuee... 6761.15
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System 102 Parallel Sender, Tally Corp.......
System 108 Parallel Sender, Tally Corp.......
System 111 Serial Sender, Tally Corp. ......
System 200 Parallel Receiver, Tally Corp. ....
System 201 Serial Receiver, Tally Corp.......
System 211 Serial Receiver, Tally Corp.......
System 220 Parallel Receiver, Tally Corp.

System 228 Parallel Receiver, Tally Corp. .. ..

System 300 Parallel Sender/Receiver, Tally Corp.

System 301 Serial Sender/Receiver, Tally Corp.
System 311 Serial Sender/Recelver Tally Corp.
system design . S et et e st et

Tally Mark Series Equipment ., .. ... Cee e

Tally Parallel Data Communications Equlpment e
Tally Serial Data Communications Equipment , , . .
‘tariff ...... e e et

Telautograph Quikfax Facsimile ...........
Teledata Tape Transmitter-Receiver .., ......

Telegraph Adapter, IBM 7740 ., . ... ¢v'vevun.

Telegraph Buffers, RCA 3301 ,.,...... e

telegraphnetwork...........

telegraph-grade transmission ,.,.,........
telephone coupler data sets, comparison charts
Telespeed 1050 Tape Receiver . . . ......0¢...
Telespeed 1050 Tape Sender ... ..ooeveeses

Teletype 1A Selective Calling System . ,.,......

Teletype equipment, comparison charts,,.....
Teletype Inktronic RO Printer .,...........
Teletype Model 19 Line......... cee e
Teletype Model 28 Line, . , . . .. .....
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Teletype Model 35 Line. , .
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Teletype Push Button Data Generator . ..
Teletype Telespeed 750 Equipment ., ,.,.......
Teletype Telespeed 1050 Equipment e ee e e
Teletype Telespeed 1200 EDC Equipment ..... .
Teletype Terminal Units, CDC 8050 , , .
teletypewriter channels ,.,.,.,.....
Teletypewriter Exchange Service , ., .
TELEX Service . . v v v v v o v v e
Telpak Service . ..............
temperature range . . . ... 00000,

* o 2 o e
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Terminal Adapters, IBM 2701 .. .......0...
Terminal Controls, IBM 2702 ,.......
Terminal Controls, IBM.2703 ,.....
terminal equipment ,,...........
terminal equipment selection procedure
time-sharing system, , , . .,........
timing error . . ...
torn-tape switching systems c e s e e
Touch-Calling . . ....... et
Touch-Tone Auxiliary Dlaler ...
Touch-Tone Card Dialer .. ......
Touch-Tone data transmission , , . .
Touch-Tone Telephone ........

trainingprogram .. ................
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transmissioncode ... ..0 0ttt et eeeeacenesnes.s 600071
8000.7

transmissioncontrol . ....... 00 00t e et eanca.... 800031
transmissfonmode. . .. ..... ...ttt taa... . 600071
8000. 7

transmission procedure .........cc000000000000.... 6000.36
transmission speed .. ......... 0 000t e0c0ncccass.. 600071
8000, 7

eeo. 06454.15
. ... 8100,43

Transmit Control, IBM 2740 , .. ...
TTY sequence, Collins Data Central ,

turnaround time . . . ... vttt it ittt et .. 2100.21
two-dimensional parity check. , Cetec e asenaneess 220044
Two Processor Switch, IBM 2703 , . . . .. v oo ooeoeeess... 8444,21
TWX CPE Service ... .....0tuiteeeeeeeeeasnnseess. 310031
TWX Bervice., . . v v vt vt eveeeeesoeanesanocasnssss 310031
UltronicData Sets ., .. ... vt eeneensooensononnss . 4620,

Ultronic Systems MT 3000 Magnetic Tape Terminal, ,....... 6850.
Uniscope 300 Visual Communication Terminals, ,,......... 4220,

6864.
UNIVAC 418 Data Processing System ,..........00..... B8860,32
UNIVAC 490 Series Data Processing Systems .., ........... 8860.32
UNIVAC 1004 Card ProCeSSOr . ... ...veeeoeooosesssss 6860,
UNIVAC 1005 Card Processor . .......vocevesoeeeaes.. 6860.15
UNIVAC 1050 Data Processing System ., ........0e0...... 8860.32
UNIVAC 1108 Data Processing System ., .....¢00¢e0.0c...., 8860.32
UNIVAC Communications Subsystem , .. C e e e.ese.. 8860.15
UNIVAC Communications Terminal Module Controller (CTMC) , 8860,

UNIVAC Communications Terminal Synchronous ,,......... 6862,

UNIVAC Data Communications Terminal (DCT) 2000 ,,,.,.... 6863.
UNIVAC Data Line Terminals .., .....00000c00000ee... 6860,
UNIVAC DCS-1 . . et e et s e eseesaesescess. 06865,
UNIVAC DCS-1 Data Communicatlons Subsystem t e e e eseees 6865,
UNIVAC DCT-2000, ot e eees ettt eeseasessessesos 8860,24
UNIVAC Uniscope 300 V1sua1 Communication Terminals . ... 6864,
UNIVAC Word Terminal Synchronous .., .,..v:c0000000.00.. 06861,

validitycheck ., ., ... ...ttt iniiereneonenennass. 2200.41
6000.5
8000, 5

Vernitron Dataport Portable Terminal, , ,........¢c0¢.... 6910,

Video Data Terminals, RCA ., ... ... ¢ccceoesoscossses 06701,

8701, 24 ’
Video Display Terminals., . ..ot vvecvoeressoceesos.. 4220,
virtual cut-through. . . .. .. .. .0 it iiie v earenenossss 2400.6
vocabulary, IBM 7770....... C ettt eeceeececees.. 844515
Vocabulary,IBM7772. ® 0 6 0 06 0. 0.0 0.0 0.0 00 000 00 00 00 00 8446'15
vocabulary,RCA70/150.... et e e eeecsceceeees.. B8703.15
voice-band communications facllitie e s e esccoseesesess 3200,
VOiceresponse.-ooooou-oooooo-obcoooooo'ooooo-o 8445‘

8446,

8703.

voice response equipment, comparison chart ,,,.,..,...... 4410,
Voice Response Unit, RCA 70/150 ., . .....0000seevees.. 8703,

WATS ..... P < A TU s 24
wave-forms . ... .. eeseo0ceesssoonnssonssassssss 2100.1
Western Union ACTS . ... .vuvivievenssssoseasessss 310032
Western Union Broadband Exchange Service..,.,.......... 3200,33

3300.31
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Addressograph Multigraph Corp. Beehive Electrotech, Inc. Communitype Corp.

1200 Babbitt Rd.
Cleveland, Ohio 44117

Alden Electronic & Impulse

Recording Equipment Co., Inc.

Alden Research Center
1 Washington Ave.
Westboro, Mass. 01581

Alphameric Data Corp.
Princeton-Hightstown Rd.
Cranbury, N.J. 08512

American Data Systems
8851 Mason St.
Canoga Park, Calif. 91306

American Regitel Corp.
1011 Commercial St.
San Carlos, Calif. 94070

Applied Digital Data Systems,
Inc.

89 Marcus Blvd.

Hauppauge, N.Y. 11787

Applied Peripheral Systems, Inc.

7120 Harwin Dr.
Houston, Tex. 77036

Applied Systems Corp.
18325 W. McNichols Rd.
Detroit, Mich. 48219

Astrocom Corp.
293 Commercial St.
St. Paul, Minn. 55106

AT & T Co.
195 Broadway
New York, N.Y. 10007

Atlantic Technology Corp.
Somers Point Shpg. Ctr.
Somers Point, N.J. 08244

Audac Corp.
175 Bedford St.
Burlington, Mass. 01803

Automatic Electric Co.
P.O. Box 42
Northlake, Ill. 60164

Badger Meter Manufacturing
Co.

Noller Control Systems Div,

4545 West Brown Deer Rd.

Milwaukee, Wis. 53223

© 1970 AUERBACH Info, Inc.

1473 S. Sixth
W. Salt Lake City, Ut. 84104

767 Fifth Ave.
New York, N.Y. 10022

Berkeley Scientific Laboratories, Compace Communications Corp.

Inc.
2229 Fourth St.
Berkeley, Calif., 94710

Bonnar-Vawter, Inc.
96 Dunbar St.
Keene, N.H. 03431

Bunker-Ramo Corp.
Business and Industry Div.
445 Fairfield Ave.
Stamford, Conn. 06904

Burroughs Corp.
6071 Second Ave.
Detroit, Mich. 48232

Carterfone Communications
Corp.

11710 E. Northwest Hwy.

Dallas, Tex. 75218

Clary Datacomp Systems, Inc.

404 Junipero Serra Dr.
San Gabriel, Calif. 91776

Codex Corp.
150 Coolidge Ave.
Watertown, Mass. 02172

Cognitronics Corp.
333 N. Bedford Rd.
Mount Kisco, N.Y. 10549

Collins Radio Co.
19700 Jamboree Rd.
Newport Beach, Calif. 92663

Colorado Instruments, Inc.
1 Park St.
Broomfield, Colo. 80020

Comcet, Inc.
1950 W. County Rd., B-2
St. Paul, Minn. 55113

Com Data Corp.
7544 W. Oakton St.
Nilest 111. 60648

Communications Logic, Inc.
6400 Westpark
Houston, Tex. 77027

7415 Washington Ave,
Edina, Minn. 55435

Compat Corp.
52 Bethpage Rd.
Hicksville, N.Y. 11801

Compucord, Inc.
225 Crescent St.
Waltham, Mass. 02154

Computek, Inc.
143 Albany St.
Cambridge, Mass. 02139

Computer Communications,
Inc.

701 W. Manchester Blvd.

Inglewood, Calif. 90301

Computer Consoles, Inc.
317 Main St.
East Rochester, N.Y. 14445

Computer Control Systems,
Inc.

6116 N, Central Expwy.

Dallas, Tex. 75206

Computer Displays, Inc.
223 Crescent St.
Waltham, Mass. 02154

Computer-Optics, Inc.
295 Madison Ave,
New York, N.Y. 10017

Computer Systems & Software,
Inc.

722 Vassar St.

Orlando, Fla. 32804

Computer Terminal Corp.
P.O. Box 6967
San Antonio, Tex. 78209

Computer Terminals, Inc.
4815 W. 77th St.
Minneapolis, Minn. 55435

Computer Transceiver Systems,
Inc.
123 Pleasant Ave.

Upper Saddle River, N.J. 07458
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Computone Systems, Inc.
Squires-Sanders Div.
Martinsville Rd.

Liberty Corner, N.J. 07938

Connecticut Technical Corp.
3000 Main St.
Hartford, Conn. 06120

Conrac Corp.
600 N, Rimsdale Ave.
Covina, Calif., 91722

Control Data Cofp.
8100 34th Ave. S.
Minneapolis, Minn. 55440

Courier Terminal Systems, Inc.

2202 E. University Dr.
Phoenix, Ariz. 85034

Customized Data Systems, Inc.
P.O. Box 3146
Corpus Christi, Tex. 78404

Datamark, Inc.
Cintiaque Rd.
Westbury, L.I., N.Y. 11590

Datamax Corp.
3941 Research Dr.
Ann Arbor, Mich, 48104

Datanetics Corp.

2828 Spreckels Lne.
Redondo Beach, Calif. 90278
Dataterm, Inc.

1611 Manning Blvd,
Levittown, Pa. 19057

Datatrol, Inc.
Kane Industrial Dr.
Hudson, Mass. 01749

Datel Corp.
One Tysons Corner Ctr.
McLean, Va. 22101

Datron Systems, Inc.

Daedalus Computer Products, Inc. Rte. 100

P.O. Box 248
N. Syracuse, N.Y. 13212

Data 100 Corp.
4444 W, 76th St.
Minneapolis, Minn, 55435

Data Access Systems, Inc.
503 Rte, 10, Mt. 19
Dover, N.J. 07801

Data Communications Systems,
Inc.

4230 Central Ave., N.E,

Minneapolis, Minn, 55421

Data Computer Systems
1612 S. Lyon St.
Santa Ana, Calif. 92705

Data Disc. Inc.
1275 California Ave.
Palo Alto, Calif. 94304

Data Products Corp.
6219 Desoto Ave.
Woodland Hills, Calif. 91364
Data Systems Design, Inc.
1122 University Ave.
Berkeley, Calif. 94704

Mountain Lakes, N.J. 07046

Delta Data Systems Corp.
Woodhaven Industrial Pk,
Cornwells Heights, Pa. 19020

Design Elements, Inc.
1356 Norton Ave.
Columbus, Oh. 43212

A.B. Dick Co.
5700 W. Touhy Ave.
Chicago, Ill. 60648

Dictaphone Corp.
219 East 44th St.
New York, N.Y. 10017

Digital Equipment Corp.
146 Main St.
Maynard, Mass. 01754
Digital Scientific Corp.
11661 Sorrento Valley Rd.
San Diego, Calif. 92121

Digital Techniques Corp.
4248 Delemere Ct.
Royal Oak, Mich, 48073

Digitronics Corp.
1 Albertson Ave.
Albertson L.I., N.Y. 11507
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Direct Access Computing Corp.
24175 Northwestern Hwy.
Southfield, Mich. 48075

Dura Corp.
2600 E1l Camino Real
Palo Alto, Calif. 94306

Dynatronics Corp.
P.O. Box 2566
Orlando, Fla. 32802
Dynelec Systems Corp.
139 Harristown Rd.
Gler Rock, N.J. 07452

Electronic Engineering Co.
of Calif.

1601 E, Chestnut Ave,

Santa Ana, Calif. 92702

Electronic Information Systems,
Inc.
2400 Industrial Lne.

Broomfield, Colo. 80020

Electronic Transmission Systems,

Inc.
535 Madison Ave.
New York, N.Y. 10022

Electronic Voice, Inc.
2059 East 223rd St.
Long Beach, Calif. 90810

Ferranti Electric, Inc.
East Bethpage Rd.
Plainview, N.Y. 11803

Ford Industries, Inc.

P.O. Box 06459

5001 S.E. Johnson Creek Blvd.
Portland, Or. 97206

Foto-Mem, Inc.
6 Strathmore Rd.
Natick, Mass. 01760

Friden Division
Singer Company
339 East Ave.
Rochester, N.Y. 14604
GDI, Inc.

P.O. Drawer 70
Melbourne, Fla. 32901
General Design, Inc.
9900 Lakewood Blvd.
Downey, Calif. 90240



AUERBACH

DATA 1600 03
A COMMUNICATIONS

MANUFACTURER
DIRECTORY

REPORTS
AUERBAC!;

General Electric Co.
Information Systems Div.
P.O. Box 12313

4000 N.W. 39th St.
Oklahoma City, Okla, 73112

Graphic Sciences, Inc.

Corporate Dr,— Commerce Pk,

Danbury, Conn. 06810

Graphic Transmission Systems,

Inc.
9 Great Meadow Lne.
E. Hanover, N.J. 07936

Gulton Industries, Inc.
13041 Cerise Ave.
Hawthorne, Calif. 90250

Hendrix Electronics, Inc.
Grenier Industrial Vil.
Londonderry, N.H. 03053

Hewlett-Packard
1501 Page Mill Rd.
Palo Alto, Calif. 94303

Honeywell

EDP Div.

60 Walnut St.
Wellesley Hills, Mass. 02181
Hybrid Systems, Inc.

4301 Dacoma Rd.

Houston, Tex. 77018

IBM Corp.

Data Processing Div.

112 East Post Rd.

White Plains, N.Y. 10602

ITT Corp.
187 East Union Ave,
E. Rutherford, N.J. 07073

Info-Max
470 San Antonio Rd.
Palo Alto, Calif, 94306

Infotec, Inc.
70 Newtown Rd.
Plainview, N.Y. 11803

Infoton, Inc.
Second Ave,
Burlington, Mass., 01803
Interdata, Inc.

2 Crescent Pl,
Oceanport, N.J. 07757
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Interface Mechanisms, Inc.

5503 232nd St., S.W.

Mountlake Terrace, Wash.
98043

International Communications
Corp.

7620 N.W. 36th Ave.

Miami, Fla. 33147

Intranet Computing Corp.
9841 Airport Blvd.
Los Angeles, Calif. 90045
K.S.W. Controls, Inc.

340 Post Road

Fairfield, Conn. 06430

Kleinschmidt Div.
SCM Corp.
Deerfield, Ill. 60015
Lenkurt Electric Co., Inc.
1105 County Rd.

San Carlos, Calif. 94070

Litton Industries, Inc.
1770 Walt Whitman Rd.
Melville, N.Y. 11746

Livermore Data Systems, Inc.

P.O. Box 945
2050 Research Dr.
Livermore, Calif. 94550

Logicon, Inc.

P.O. Box 471

255 W, Fifth St.

San Pedro, Cailf. 90733

Logitron, Inc.
197 Albany St.

Cambridge, Mass. 02139

Lynch Communications Systems

695 Bryant St.
San Francisco, Calif. 94107

Magnavox Systems, Inc.
270 Park Ave.
New York, N.Y. 10017

Maxson Electronics Corp.
Sunrise Hwy.

Great River, L.I., N.Y. 11739

Metrolab, Inc.
10457 Roselle St.

San Diego, Calif. 92121

Metroprocessing Corp.
64 Prospect St.
White Plains, N.Y. 10606

Micro Systems, Inc.
644 E. Young St.
Santa Ana, Calif. 92705
Miller-Ellis Computer Systems
1070 East Meadow Cir.

Palo Alto, Calif. 94303

Mite Corp.
446 Blake St.
New Haven, Conn. 06515

Mohawk Data Sciences Corp.
P.O. Box 630
Palisades St.

Herkimer, N.Y. 13350

Muirhead Instruments, Inc.
1101 Bristol Rd.
Mountainside, N.J. 07092

Multitech, Inc.
583 Monterey Pass Rd.
Monterey Park, Calif. 91754

NCR Co.
Main and K St.
Dayton, Oh. 45409

Northern Radio Co.
143-149 W. 22nd St.
New York, N.Y. 10011

Novar Corp.

2370 Charleston Rd.
Mountain View, Calif, 94040
Novation, Inc.
18664 Topham St.
Tarzana, Calif. 91356
Olivetti Underwood Corp.
1 Park Ave.

New York, N.Y. 10016

Omnitec Corp.
903 N. 2nd St.
Phoenix, Ariz. 85004
Oneida Electronics, Inc.
P.O. Box 46

Yorkville, N.Y. 13495
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Penril Data Communications, Inc.

960 Thompson Ave.
Rockville, Md. 20852

Peripheral Data Machines, Inc,
1546 E. Chestnut St.
Santa Ana, Calif. 92701

Philco-Ford Corp.
1002 Gemini Ave.
Houston, Tex. 77058

Plessey Electronic Corp.
170 Finn Ct.
Farmingdale, L.I., N.Y. 11735
Qantel Corp.

3474 Investment Blvd.

Hayward, Calif. 94545

Quindar Electronics, Inc.
60 Fadem Rd.
Springfield, N.J. 07081

RCA
Information Systems Div.
Camden, N.J. 08101

RFL Industries, Inc.
Communications Div,
Boonton, N.J. 67005

Raytheon Co.
1415 Boston-Providence Tpke.
Norwood, Mass. 02062

Redcor Corp.

P.O. Box 1031

7800 Deering Ave.

Canoga Park, Calif. 91304

Remcom Systems, Inc.
2705 National Dr.
Garland, Tex. 75040

Rixon-Electronics, Inc.
2120 Industrial Pkwy.
Silver Spring, Md. 20904

Sanders Associates, Inc.
Daniel Webster Hwy., S.
Nashua, N.H. 03060

Sangamo Electric Co.
P.O. Box 359
Springfield, Ill. 62705

Scientific Control Corp.
14008 Distribution Way
Dallas, Tex. 75234

Shintron Co., Inc.
144 Rogers St. .
Cambridge, Mass. 02142

Singer Tele-Signal Corp.
250 Crossways Park Dr,
Woodbury, L.I., N.Y. 11797

Sonex, Inc.
20 E. Herman St.
Philadelphia, Pa. 19144

Spiras Systems, Inc.
332 Second Ave.
Waltham, Mass. 02154
Stelma, Inc.

17 Amelia P1.
Stamford, Conn. 06902
Stewart-Warner Corp.
1300 N. Kostner Ave.
Chicago, Ill. 60651

Stromberg Carlson Corp.
100 Carlson Rd.
Rochester, N.Y. 14603

Stromberg DatagraphiX, Inc.
P.O. Box 2449
San Diego, Calif. 92112
Sugarman Laboratories
295 Northern Blvd.
Great Neck, N.Y. 11020

Sycor, Inc.
100 Phoenix Dr.
Ann Arbor, Mich. 48104

Syner-Data Inc.
133 Brimbal Ave.
Rte. 128
Beverley, Mass. 01915
TEC, Inc.

6700 S. Washington Ave.
Eden Prairie, Minn. 55343

Tally Corp.
8301 S. 180th St.
Kent, Wash. 98031

Technical Communications Corp.
442 Marrett Rd.
Lexington, Mass. 02173
Technitrend, Inc.

7300 N. Crescent Blvd.
Pennsauken, N.J. 08110
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Tel-Tech Corp.
9170 Brookville Rd.
Silver Spring, Md. 20910

Telautograph Corp.
8700 Bellanca Ave.
Los Angeles, Calif. 90045

Tele-Dynamics Corp.
525 Virginia Dr.
Fort Washington Park, Pa. 19034

Telematics, Inc.
1431 Broadway
New York, N.Y. 10018

Teletype Corp.
555 Touhy Ave.
Skokie, Ill. 60676

Tempo Computers, Inc.
1550 S. State College Blvd.
Anaheim, Calif., 92806

Terminal Communications, Inc.
P.O. Box 9363
Raleigh, N.C. 27603

Terminal/Computer Systems,
Inc.

581 West Putnam Ave.

Greenwich, Conn. 06830

Texas Instruments
P.O. Box 66027
Houston, Tex. 77006
Time-Sharing Terminals, Inc.
2351 Shady Grove Rd.
Rockville, Md. 20850

Tracor Computing Corp.
1705 Guadalupe St.
Austin, Tex. 78701

Transcom, Inc.
12 Tobey Rd.
Bloomfield, Conn, 06002

Tuck Electronics
235 Market Ave.
New Cumberland, Pa. 17070

Tymshare, Inc.
464 Hudson Ter.
Englewood Cliffs, N.J. 07632

Typagraph Corp.
7525 Convoy Ct.

San Diego, Calif. 92111
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Ultronic Systems Corp.

Mount Laurel Industrial Pk.

Moorestown, N.J. 08057

Univac

Data Processing Div.
Sperry Rand Corp.

P.0O. Box 8100
Philadelphia, Pa. 19101

Universal Data Acquisition Co.,

Inc.
P.O. Box 36166
3928 Hartsdale Dr.
Houston, Tex. 77036

University Computing Co.
Computer Industries, Inc.
2659 Nova Dr.

Dallas, Tex. 75229

Vadic Corp.
918 Industrial Ave.
Palo Alto, Calif. 94303
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Vanguard Data Systems
P.O. Box 1820

1642 Kaiser St.

Irvine, Calif. 92664

Varian Data Machines
2722 Michelson Dr.
Irvine, Calif. 92664

Vernitron Corp.
176 Central Ave.
Farmingdale, N.Y. 11735

Viatron Computer Systems
Corp.

Rte. 62

Bedford, Mass. 01730

Victor Comptometer Corp.
3900 N. Rockwell St.
Chicago, I11. 60618

Video Systems Corp.
7300 N. Crescent Blvd.
Pennsauken, N.J. 08110

Vogue Instrument Corp.
Shepard Div.

480 Morris Ave.
Summit, N.J. 07901

Wescal Industries, Inc.
Division of CCI

2550 E. Imperial Hwy.
El Segundo, Calif. 90245

Western Telematic, Inc.
5507 Peck Rd.
Arcadia, Calif. 91006

Western Union
82 McKee Dr.
Mahwah, N.J. 07430

Wyle Computer Products
128 Maryland St.
El Segundo, Calif. 90245

Xerox Corp.
Midtown Tower
Rochester, N.Y. 14604

Xerox Data Systems
701 S. Aviation Blvd.
El Segundo, Calif. 90245
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SYSTEM DESIGN: BASIC CONCEPTS

INTRODUCTION

Electrical data communications systems have been in existence for more than 120 years,
since Samuel Morse invented the telegraph in 1844. Torn-tape telegraph systems, which
transmit data at the rate of around 10 characters per second, have been used for many years
and are still appropriate for certain applications. This type of data communications system,
however, fails to meet many of the requirements of modern industry. The effectiveness of
data communications systems in meeting industry requirements has been greatly enhanced
during the last few years by the development of reliable medium- and high-speed terminal
equipment and communications processing equipment, in conjunction with the availability of
reasonably priced standard communications facilities and flexible common-carrier services.

A data communications system can be considered to consist of a group of functional units
whose primary purpose is to transfer digital data between two or more terminals in a reliable
manner. Each unit has a specific set of functions to perform; the exact functions and the se-
quence and manner in which they are enacted are determined by the overall system require-
ments. Because system requirements vary from business to business and from application
to application, the data communications systems in use today vary widely in their functions,
their structures, and their degree of complexity. Some systems transfer messages between
remote terminals via one or more switching centers where communications processors are
located; other systems transmit inquiries from numerous remote terminals to a central data
processing facility, which generates responses and routes them back to the inquiring termi-
nals. The design of systems such as these demands a thorough knowledge of both data com-
munications and data processing technology.

FACTORS TO BE EVALUATED

In order to determine the most suitable structure for a specific data communications system,
a number of basic factors must be evaluated. These can generally be described as the in-
formation flow requirements, and they include the following:

® The number of data sources and points of distribution and their locations.

® The volumes of information (in terms of number of messages and lengths of
messages) that must flow among these locations.

® The intervals at which messages will be transmitted. Are these intervals fixed or
random? What are the peak rates, and at what times of day will they occur ?

® The form of the data to be transmitted.
® The form in which the data must be when received.

® How soon the information must arrive at its destination to be useful. How much
delay is permissible, and what are the penalties for delay?

® The reliability requirements. What degree of accuracy must be maintained in the
transmitted data? What is the penalty for system failure ?

The installation of a data communications system should always be preceded by a thorough
study and reevaluation of the patterns of information flow throughout the organization.

Money spent in simply mechanizing the existing procedures for collecting, transmitting, and
disseminating information is likely to be largely wasted. The real purpose and need for every
type of information that is currently being transmitted should be questioned. It is likely that
most executives are regularly receiving some information that is of little or no value to

them, while failing to receive other information that could aid significantly in decision-
making and cost control and that could easily be provided if the need were recognized. In
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some cases, the improved flow of information resulting from such a thorough study of infor-
mation needs will provide far greater benefits than the data communications equipment itself
and may even preclude or postpone the need for mechanization of the information system.

Usually, by the time the need for data communications develops, a company has established
extensive voice communication facilities, in addition to those offered by the public telephone
system. The locations served by these existing facilities frequently include the locations to
be served by the proposed data communications network. A serious study of the implementa-
tion of a data communications system must include an analysis of the company's present com-
munications facilities and the ways in which they can be employed. For example, leased lines
may currently carry little or no traffic at night; these lines could be used for the transfer of
data during the slack hours at no increase in the present cost of communications facilities
other than for switching, termination, and terminal devices. Use of present facilities re-
quires close coordination between the company personnel responsible for general communica-
tions and the personnel responsible for data communications. The local common-carrier com-
munications consultants should be contacted for help in determining the ways in which existing
facilities can best be used or modified for data communications.

The design of a data communications system requires a careful analysis of each of the fore-
going factors. It also demands satisfactory solutions to a wide variety of potential problems,
many of which are interrelated in complex ways. These problem areas include the following:

® Estimating the volumes of data to be transmitted, now and in the future, and the
associated traffic statistics

® Providing for traffic overloads

® Distributing the storage and computer capabilities to best fulfill the system require-
ments and balancing these capabilities with the capacities and speeds of the trans-
mission facilities to minimize the overall cost

® Optimizing the system configuration in terms of fulfilling reliability and backup re-
quirements and maintaining continuous, efficient operation

® Selecting adequate yet economical error detection and correction techniques

® Establishing the programming requirements for any communications processors
and specifying the necessary storage and processing capabilities

® Formulating a training program for operating and maintenance personnel and an
indoctrination program to help all employees understand the purpose of the system
and its effects upon their jobs

A design problem of a slightly different character, but one that deserves considerable empha-
sis, is the development of a system that is open-ended, i.e., one that is capable of expan-
sion to handle new plants or offices, higher volumes of traffic, new applications, and other
difficult-to-foresee developments associated with the growth of the business. The design and
implementation of a data communication system is a major investment; proper planning at de-
sign time to provide for future growth will safeguard this investment.

These design problems cannot be treated separately; they are interrelated through the various
system parameters, so that a decision that solves one problem may lead to a variety of others.
Tradeoffs become necessary between equipment, programming systems, communications fa-
cilities, and the operating requirements. In the remainder of this system design section,
considerable attention is devoted to the nature and implications of these tradeoffs.

AUERBACH Data Communications Reports
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.3 SYSTEM COMPONENTS

Figure 1 illustrates the data flow between two terminals in a typical data communications
system. An input device at the transmitting terminal wishes to communicate with an output
device at the receiving terminal. The input device may be a keyboard, paper tape reader,
card reader, magnetic tape unit, or computer. The output device may be a tape punch, card
punch, printer, magnetic tape unit, display device, or computer. Other units included in the
typical system shown in Figure 1 are the communications facility, input/output control units,
error control units, synchronization units, and modulator-demodulators. In most cases,
several of these functional units are housed in one cabinet and marketed as a single com-
munications terminal device. Each of these functional units is briefly discussed in the follow-
ing paragraphs and described in greater detail in subsequent sections of AUERBACH Data
Communications Reports.

TRANSMITTING TERMINAL RECEIVING TERMINAL
Data
Data E Output
Input Error rror P
From —¥ antrol — Control [ Modulator |————=——= Demodulator \— . .01 — Control [— gﬁtput
ggxitce Device
4 Lo ¥ 7 Y
| Communications |
| Facility |
L |
‘ .
Synchroni- L ____ | Synchroni-
zation zation

Figure 1. Data Flow in a Typical Data Communications System

.31 Communications Facilities

A communications facility, in the broadest sense, is a means by which data can be transmitted
between two or more points. Some of the common types of communications facilities are
telephone and telegraph cables, high-frequency radio, and line-of-sight microwave. Although
there are many types of communications facilities, the types most commonly used for data
transmission at present, because of their wide availability and economy, are the standard
public telephone and telegraph line facilities. Telephone line facilities, though designed
specifically for voice communications, can be employed for transferring digital data at higher
rates than are possible with telegraph facilities.

Communications facilities, in conjunction with the appropriate terminal and/or processing
equipment, can be employed for operation in one or more of the following basic modes:

® Simplex - communications in one direction only
® Half-duplex — communications in both directions, but in only one direction at a time

® Full-duplex — communications in both directions simultaneously

For more detailed discussions of the available communications facilities, please see Page
2100:01 of this report section and the entire Common-Carrier Communications Facilities
section, beginning on Page 3000:01.

.32 Input/Output Control Units

The input control unit at the transmitting terminal, when present, controls and accepts data
from the input device at a rate that is usually dictated by the input device's speed. The con-
trol unit stores the data temporarily and transmits it at a rate compatible with that of the
communications facility. At the receiving terminal, the output control unit, when present,
accepts the received data, stores it temporarily, and supplies it to the output devices at the
appropriate rate. In real-time data communications systems, the type and capacity of the
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buffer storage within the input and output control units is one of the main concerns because it
determines the frequency at which servicing by the processor will be required. Various
types of buffers are available, such as magnetic core memories, magnetic drums, transis-
torized shift registers, and delay lines.

It should be noted that not all data communications terminals employ buffered input/output
control units. When no buffers are used, the input, data transmission, and output functions
must proceed simultaneously and at the same speed.

In data communications systems that are more complex than the basic point-to-point hookup
shown in Figure 1, the input/output control units at the processing or switching centers are
likely to be multiline controllers, or even stored-program communications processors,
which are capable of buffering and controlling simultaneous input/output transmissions on
many different lines.

Error Control Units

In transferring data over a communications link, errors can be expected to occur as a result
of: (1) noise and other disturbances introduced into the link, (2) the inherent characteristics
of the link, and (3) the environmental characteristics of the link. Error control techniques
can be used in data communications systems to detect and/or correct certain types of er-
rors. Techniques that merely detect and indicate errors are generally less complex and
expensive than techniques that detect errors and then correct them. In most error control
schemes, the digital data at the transmitting terminal is encoded to conform to some set
pattern. At the receiver, the data is decoded and checked to see whether the received data
pattern conforms to the prescribed rules. For a detailed discussion of the subject of Error
Control, see Page 2200:01.

Synchronization Units

Because the transmitted data signals are time-dependent (i.e., the bits are transmitted at
precise time intervals), synchronization between the transmitting and receiving stations must
be ensured. Special equipment must be provided to accomplish the synchronization. Its

type and cost depend on the method used to establish synchronization. Two commonly em-
ployed techniques are referred to as ''start/stop synchronization' and ""'synchronous trans-
mission. "

In the start/stop technique, additional signals are transmitted with each unit of data (typically,
with each character) to identify the beginning and the end of the group of data bits. The data
bits within each data unit are transmitted in a strict time sequence, but consecutive data bits
are transmitted asynchronously; i.e., there is no definite time relationship between the
transmission of successive characters. Upon recognition of a start signal, internal circuitry
or other means at the receiving station is actuated to time the arrival of the data signals
constituting the transmitted data unit. The advantages of this method are that it allows data
transmission from sources with highly irregular data input rates (such as a manual keyboard)
and that the probability of cumulative errors in synchronization is minimized. However, the
extra start and stop bits that need to be transmitted along with the data bits increase the re-
quired line capacity.

In the synchronous transmission technique, which is sometimes referred to as "bit stream
synchronization, " a specific character is transmitted to the receiving terminal. The bit con-
figuration of this character is used to adjust the synchronizing circuitry to conform with the
transmitted bit rate. Usually the synchronizing character must be transmitted several times
to enable the transmitting and receiving stations to establish synchronization. During the
transmission of data signals, the receiving terminal is kept in step with the transmitter by a
high-precision oscillating circuit or other means. Often the synchronizing character is trans-
mitted during idle periods to maintain synchronization and minimize the delay involved in
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initiating a transmission. The advantage of this type of synchronization is that it permits
higher data transmission rates than the start/stop method; the disadvantage is that it requires
highly precise and relatively expensive circuitry to maintain synchronization throughout the
transmission of long messages.

.35 Modulation-Demodulation Units

In the early days of digital data communications, telegraphy was the sole transmission tech-
nique employed. In this technique, voltage levels are used to represent the different data
signals or bits. For example, a positive voltage may represent a '"1" bit or "mark' condi-
tion and a zero or negative voltage may represent a 0" bit or '"'space' condition. The com-
munications lines using this type of transmission are referred to as '"telegraph-grade'" lines.
This type of transmission is still in widespread use for teleprinter communications at speeds
up to 75 bits per second. The disadvantages of the telegraph transmission technique are that
only one conversation or data path is conveniently available and that a large bandwidth is
required relative to the transmission rate.

A newer technique, which is called the "carrier' technique throughout these reports, was de-
veloped to take advantage of the communications facilities that were being developed with
larger bandwidths than those of telegraph-grade lines. In the carrier technique, constant-
level (DC) pulses, such as those used with telegraph-grade lines, are not transmitted; instead,
the data signal varies regularly with time, establishing a transmission frequency. The sig-
nificance of the carrier technique is: (1) that a higher transmission rate can be more safely
accommodated than with the telegraphy method, and (2) that equipment can be designed to isolate
different frequencies, which allows multiple independent data paths to be in existence on the
same line at the same time. The common carriers are making extensive use of the latter
feature to pack many voice channels and/or data channels into a single broadband communi-
cations facility.

Many techniques are used to modify or alter the basic frequency signal to provide the capabili-
ty for sending digital data. Some of the more common methods include:

® On/Off: The signal is keyed on and off much in the same manner as in telegraphy.

® TFrequency Shift Keying: Signals of two different frequencies are transmitted to
indicate the ''0" and '"1" bits.

o Amplitude Modulation: The amplitude (or strength) of the signal is varied to indi-
cate the different levels.

® TFrequency Modulation: The frequency of the signal is varied to indicate the dif-
ferent levels.

® Phase Modulation: The phase, or time relationship between the parts of a signal,
is varied to indicate the various levels.

One characteristic of all the methods mentioned is that to transmit a composite signal with
sufficient accuracy to enable the signal to be correctly interpreted at the receiving terminal,
a bandwidth, rather than a single frequency, is required. When transmitting multiple inde-
pendent signals over the same line, the assignment of a specific bandwidth for each signal is
required to prevent one signal from interfering with another.

There is a definite relationship between the allocated bandwidth and the maximum data trans-
mission rate that can be reliably handled. Current theory indicates that a transmission rate
in bits per second of twice the bandwidth in cycles per second is possible. Thus, a voiceband
line with a bandwidth of 3000 cycles per second could theoretically accommodate a transmis-
sion rate of 6000 bits per second, although the actual rates employed in most current applica-
tions of voiceband lines are much lower.
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The importance of the foregoing information on the carrier technique to a user of data com-
munications equipment is that:

o All standard communications facilities for transmitting data at rates above 75 bits
per second (as well as certain lower-speed facilities) employ some variation of
the carrier technique.

e Additional equipment is required to convert the constant-level (DC) pulses genera-
ted by most data communications terminal and processing equipment into signals
suitable for transmission.

The additional equipment mentioned previously is a modulation-demodulation unit, frequently
referred to as a modem or data set. Data sets are available from the common carriers for
use with a wide range of standard communications facilities; see the Common~Carrier Data
Sets Comparison Chart, Page 4600:01. In addition, several companies (such as Collins

Radio Co. and Lenkurt Electric Co.) manufacture data sets for use on private communications
facilities or, in some cases, leased common-carrier facilities. The data sets manufactured
by these companies can provide significantly higher data rates than those furnished by a com-
mon carrier for use on the same type of communications line, but they are likely to be more
expensive than the common-carrier data sets and may require special conditioning of the
lines.

APPLICATIONS

The specific applications for which data communications systems are currently being em-
ployed are widely variable in their functions, their scope, and their equipment and program-
ming requirements. New applications are being developed every day, and it would clearly be
impossible to describe, or even list, all of the specific applications in which data communica~
tions equipment is being used. A more rational approach is to divide the total spectrum of
data communications applications into a few fundamental application classes, each of which
performs a certain general function and involves a certain type of data flow pattern. Most
specific applications will then be found to fall neatly into one application class or to combine
the functions of two or more classes.

Although either coarser or finer breakdowns could be justified, it seems reasonable to con-
sider six fundamental application classes:

® Data collection

® Data distribution

® TInquiry processing

® Computer load balancing
® Computer time sharing
® Message switching

The function and data flow pattern of each of these basic applications of data communications
equipment and techniques are described in the paragraphs that follow.

Data Collection
The function of this class of applications is the collection and transmission to a central pro-

cessing point of information concerning the operations of geographically separated manufac-
turing plants, warehouses, branch and regional sales offices, and other outlying facilities.
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The basic data flow pattern is unidirectional, from multiple remote (and/or local) terminals
to the central processing facility. This type of system can: (1) provide the complete, timely
information about a firm's overall operations that is required for accurate cost control and
informed management decisions, and (2) reduce the number of times and places at which data
must be manually handled and transcribed, thereby cutting clerical costs and error rates.

.42 Data Distribution

In this class of applications, the principal function is the distribution of data generated and/or
processed at a central facility to one or more outlying locations. Again the basic data flow
pattern is unidirectional, from the central facility to the remote (and/or local) terminals.
This function, of course, is the complement of the data collection function described in Para-
graph .41, and many data communications systems combine the collection and distribution
functions. To appreciate the potential value of a data distribution system, it is necessary to
realize that data has no real value until it has reached the actual point of application in a use-
ful form. Significant financial benefits can frequently be realized through cutting down the
elapsed time and improving the accuracy of the data dissemination process.

.43 Inquiry Processing

To meet the competitive demands of modern business, many firms are finding it desirable
(and in some cases essential) to ''go on-line' by establishing central data files that can be
randomly accessed to provide prompt responses to inquiries from outlying locations. In this
class of applications, the basic data flow pattern is bidirectional; inquiry messages are trans-
mitted from a network of remote terminals to the central processing facility, and appropriate
response messages are generated and transmitted back to the inquiring terminals.

The inquiry processing function is frequently combined with real-time file updating, in which
case the appropriate entries in the central data files are modified each time a transaction
occurs so that the central files always reflect the true current status of the business. Although
inquiry processing and real-time file updating systems promise great potential benefits for
nearly every type of business organization, their advantages in terms of faster response and
centralized control should be carefully weighed against their costs to ensure that the higher
direct cost of a real-time system, as compared with that of a more conventional batch-type
data processing system, is worthwhile. Real-time inquiry systems are especially beneficial
for organizations such as banks, brokerage firms, airlines, and hotels, where prompt ser-
vicing of customer inquiries is of critical importance.

.44 Computer Load Balancing

Organizations that have two or more computers in geographically separated locations may
find it advantageous to connect them by means of communications links. This permits more
effective use of each of the interconnected computers because the slack time in one com-
puter's schedule can be used to help smooth out the peaks in another's. Reliability is

greatly enhanced by the fact that the communications links make it easy for one or more com-
puters to take over another computer's workload when a breakdown occurs. The data flow
pattern in this class of application is bidirectional; input data and results are transmitted be-
tween each pair of interconnected computers, and the volume of data flow depends upon their
relative workloads at any given time.

.45 Computer Time Sharing

Time sharing is the simultaneous operation on a computational facility by more than one per-
son, each situated in a remote location. Two basic types of systems are in use today: con-
versational time sharing and remote batch processing. Both types have the same fundamental
characteristics: multiple consoles, appropriate input/output facilities, and consoles con-
nected to the central computer facility by communications links. Conversational systems
consist of remote terminal devices, which are usually of the keyboard type, employing voice-
band transmission facilities. Short turnaround time is characteristic of these systems and
allows for close man-machine interaction.
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Remote batch processing systems find application where a large program or a large number
of programs are required to be run to completion. They are usually used with higher-speed
terminals, sometimes employing a computer as a terminal.

The basic data flow pattern in a time sharing system is bidirectional and similar to the pattern
for the inquiry processing class of applications; input data and operating instructions are
transmitted from the consoles to the central computer facility, and the results of computations
are transmitted back to the appropriate consoles. The widely discussed ''public utility'' com-
puter concept, in which multiple subscribers would share the facilities of a giant centralized
computer complex on a toll basis, is a logical extension of the computer time sharing class

of applications.

Message Switching

Activities of a modern corporation tend to be spread out over a large number of widely sep-
‘arated locations, and an efficient system for handling communications among all these lo-
cations is vitally necessary. Where communications traffic is high, a computer -controlled
message-switching system is likely to be the best overall choice. In this type of application,
the data flow pattern involves two-way message traffic between a number of terminals and a
central switching center. The sendingterminal transmits each messageto the center, which stores
it temporarily, performs any processing or code conversion functions that may be required,
and then retransmits the message to one or more designated receiving terminals, Large
networks may use two or more switching centers that are interconnected by high-speed com-
munications links.

Many of the principles and considerations involved in the design of a message-switching sys-
tem are equally important in the design of data communications systems for applications in the
previously described classes. A relatively large amount of experience has already been ac-
cumulated in the design and operation of message-switching systems; therefore, a detailed
account of the principles, operations, and inherent advantages of computer-controlled mes-
sage switching systems is included in AUERBACH Data Communications Reports, beginning
on Page 2400:01.
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.1 DATA TRANSMISSION BY ELECTRICAL MEANS

Several basic concepts and definitions should be understood prior to a discussion of data trans-
mission by electrical or electronic means.

The amplitude of an electrical signal refers to the strength of that signal. An electrical signal
or wave-form can be completely defined by using only two parameters, amplitude and time;
i.e., given the relationship (which may be quite complex) between the amplitude of a signal
and time, the signal is completely known and can be faithfully reproduced.

If the form of the signal is repeated periodically, the signal is said to possess a frequency;
i.e., the frequency is the number of times the form is repeated in a specified length of time.
One important fact concerning periodic wave-forms is that if the type, or basic shape, of a
wave-form is known, only a few measurements at specific time intervals will suffice to pre-
cisely identify the wave-form. This fact simplifies the hardware required to interpret trans-
mitted signals.

An important characteristic of a periodic wave-form is phase, or the time relationship of one
part of the wave-form with another. If the basic form of the signal is not changed but is merely
shifted with regard to the preceding part of the signal, a phase shift has occurred. Thus, the
basic characteristics of a periodic wave-form are its amplitude, frequency, and phase.

To facilitate mathematical analysis, a complex wave-form can be regarded as the sum of
several simpler wave-forms, each having its own characteristic amplitude, frequency, and
phase. In addition, phase or time relationships exist between the various component wave-
forms. For a given wave-form there is a minimum frequency component and a maximum
frequency component required to define the signal. The range of frequencies between these
two limits defines the bandwidth necessary for transmission of the original signal.

At a given instant in time, it is convenient to think of a transmitted signal as having fixed
characteristics; i. e., a particular frequency, amplitude, and phase. When these character-
istics remain constant for a period of time, they can be called "states." The length of time
that a signal must remain in a particular state before it can be identified is a function of the
technique used to interpret the signal. For example, a high-frequency state must exist for
only a short time before enough information can be determined in order to identify that fre-
quency; the rate and technique of sampling, however, may require a considerably longer time
before the identification can be made.

Digital data communications devices generate or receive signals via communications lines for
the purpose of transmitting data that has been digitally encoded. The pulses generated are
typically DC pulses with constant voltage levels (amplitude). These discrete signals can be
transmitted over an essentially continuous medium (the transmission line) by transmitting a
signal in which a particular state (amplitude, frequency, or phase) is associated with each
pulse. That is to say, the pulse representing a '"'1" bit could be represented by a signal having
one frequency, and the ''0'" bit pulse by a signal having a second frequency. The signal re-
presenting the complete transmission will have many changes of state to represent the many
bits that are being transmitted. The signal changes characteristics whenever it changes from
one state to the next, so samples of the signal must be taken within each '"bit time." Some
means of synchronization must be established between the transmitting terminal and the re-
ceiving terminal to ensure that the sampling process will be performed accurately. A dis-
cussion of various synchronization techniques can be found in Paragraph 2000. 34.

The transmitted signal can never perfectly represent the desired input pulses because of:

(1) the finite time period required to change states, and (2) various distortions due to inherent
characteristics of the transmission medium or to external causes. A discussion of the causes
of distortion in transmission media is presented in Paragraph 2200.2. The distortions intro-
duce components having characteristics that differ from the basic components representing the
ideal signal. When interpreting the state of a signal, these components alter the value that
will be obtained.
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Thus, the condition representing a particular data bit actually consists of a range of state
values. States representing the different bit values must be separated widely enough so that
there is no overlapping of the ranges, which could result in ambiguity and, hence, errors.

The total bandwidth is the sum of the bandwidths corresponding to each state that the signal
must assume and includes the spreading effect due to distortion. It is not feasible, in general,
to provide a bandwidth sufficient for accommodating all of the types of distortion that might
develop, so there is a high probability that errors will occur at some time. A detailed dis-
cussion of error control is presented in Report 2300.

The foregoing discussion is equally applicable whether the transmission medium is a pair of
wires or a high-frequency radio signal. When transmitting via radio, the transmission me-
dium itself is a periodic wave-form; the modulated data signal is not transmitted as such but
is used to modify the basic characteristics of the "carrier wave.'" The concept of bandwidth
applies here in determining the spacing of the frequencies of the carrier waves required to
eliminate or reduce interference between independent signals. Similar techniques can be used
to miltiplex several independent data signals over the same pair of wires; the receiving equip-
ment separates the signals on the basis of the carrier frequencies and relative bandwidths.

SELECTION OF COMMUNICATIONS FACILITIES

Once the information flow requirements for a data communications system (see Paragraph
2000. 2) have been determined, the parallel, interrelated problems of line and equipment
selection can be attacked. (Factors to be considered in equipment selection are discussed in
Report 2300.)

The types of communications facilities that are currently available can be logically divided
into three classes:

e Narrowband Facilities: provide capabilities for data communications at up to 300
bits per second.

o Voiceband Facilities: make use of communications channels having bandwidths of
about 3000 to 4000 cycles per second. The public telephone network uses channels
with a bandwidth of about 3000 cycles per second. Leased lines usually have band-
widths of about 4000 cycles per second. Equipment is currently available from the
common carriers for data transmission at up to 2400 bits per second over the leased
facilities.

e Broadband Facilities: provide data communications at rates higher than voiceband
facilities. Current facilities can provide transmission rates up to several million
bits per second.

The facilities offered by the common carriers within these three classes are discussed in
detail in the section on Common-Carrier Communications Facilities; see Reports 3000 through
3300. Throughout the communications industry, all types of communications facilities are
commonly referred to as '"lines," even though they may actually consist of coaxial cables or
microwave or high-frequency radio links.

The primary consideration in selecting the types and numbers of lines to be used in a specific
application is the provision of adequate service at minimum total cost. In determining the
relative costs of various facilities, the analyst should consider all pertinent charges, including
channel terminals, local channels, data sets, conditioning charges, and so forth, in addition
to the basic mileage charges or message rates.

Effective Transmission Speed

Determination of the most economical communications facilities depends to a large extent on
the system requirements and on the characteristics of the terminal equipment to be used. The
effective rate, or long-term average rate, at which data can be transferred over a communica-
tions link will usually be significantly lower than the peak rate of the transmitting and receiving
terminals. The peak rate determines the needed capacity of the transmission line; the effective
rate determines the throughput, or the rate at which information can be accurately delivered
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when averaged over a long period of time. The selected terminal equipment and communica-
tions facilities, in combination, must be fast enough to ensure that the system throughput
requirements can be met.

Factors involving the communications line that can influence the effective rate include the
occurrence of errors and the turnaround time. The error detection and correction technique
selected may require the transmission of redundant information with each data character or
each message, or it may require the retransmission of parts or the whole of a message when
errors are detected. Both of these techniques essentially require the transmission of the same
information more than once. At a given transmission rate, this redundancy reduces the effec-
tive amount of information that can be transferred; its purpose, of course, is to increase the
accuracy of the data transmission process.

To reduce the effect that errors have on the effective rate of transmission, the data can be
transmitted in shorter blocks, which reduces the number of errors likely to occur during the
transmission of a single block; this in turn lowers the requirements for error detection and
correction. But the performance of the terminal equipment is usually affected by the size of
the transmitted data block; in general, the shorter the data block, the slower the effective trans-
mission rate of the terminal, due to turnaround time, equipment start/stop time, etc. These
factors must be balanced to arrive at the most economical solution for a given communications
line.

A second technique for reducing the effects of transmission errors is to use the transmission
line at only partial capacity. This usually serves to reduce the number of errors that occur.
The increase in transmission efficiency due to lessening the requirements for redundant trans-
mission may well be negated by the reduction in peak transmission speed, so a careful analy-
sis must be made to determine the advisability of reducing the data transmission rate on a
given line.

Some terminal equipment requires an answerback transmission from the remote terminal prior
to initiating the next transmission. This return message is usually required as a signal that
the data block just transmitted was in error or was without error; the terminal ean then either
retransmit the current data block or transmit the next one. When transmitting in a half-duplex
mode, the time required to condition the communications link and the terminal for the changes
of direction of transmission (i.e., the turnaround time) can take as long as one-half a second
per change, At a transmission rate of 300 characters per second, this would have the same
effect as adding 300 characters to each data block transmitted.

Long turnaround times are usually associated with terminal equipment using synchronous
transmission; the extra time is needed to establish synchronization in the reverse direction.
Frequently, such terminals can transmit data only in a half-duplex mode, but can maintain
synchronization in both directions at once through the use of a full-duplex transmission line,

Such usage can materially increase the throughput for short data blocks, and it can thereby
provide the secondary benefit of reducing the effect of transmission errors by permitting more
efficient transmission of short data blocks. Again, these factors are interrelated, and a
careful study must be made to arrive at the most efficient manner for using a particular
communications facility.

.22 Leased Versus Switched Facilities

Another type of analysis that must often be made to arrive at the most economical method for
transmitting data involves the cost tradeoffs between the use of switched facilities that are
charged on a per-call basis and leased facilities that are charged at a flat rate regardless of
the volume of usage.

When trying to determine which of the two types to use, keep in mind that different considera-
tions are involved in obtaining the most efficient use of each type. Two objectives to strive
for in designing and regulating the data flow pattern over message-rate (switched) facilities are:

e To minimize the number of calls;

o To optimize the length of each call with respect to the rate structure; e.g., one-
minute calls over a service with a minimum charge based on three minutes' use
will generally be inefficient.
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The primary consideration for optimizing the use of a leased facility is to keep the line as busy
as possible, thereby reducing the cost per message. Needless to say, loading up a line with
nonpertinent data does not constitute efficient usage under any conditions.

One type of graphical analysis that can be used to study the tradeoffs between a message-rate
facility and a leased facility is presented in Figure 1. The points where the lines representing
the different communication facilities cross are the break-even points. In some cases, the
cost for the switched network may never be lower than for a leased line (e.g., for a large num-
ber of calls per day, each consisting of a relatively small number of characters).

If a cost analysis of the type shown in Figure 1 does not favor either type of service to a great
extent, other factors can be used to make the decision. For example, leased lines can be
specially conditioned to reduce the probability of transmission errors, while the public tele-
phone network offers greater flexibility and guards against catastrophic line failure because
many alternate data paths are available through the various exchanges.

The foregoing type of analysis can just as easily be applied to narrowband service, e.g.,

comparing the use of Bell System TWX Service or Western Union TELEX Service with the
use of leased lines.

BASIS: Fixed number of
calls per month.

Two leased lines

One leased line

/ )

(1

(1

Number of Characters per Call

Notes:

(1) Cost per call remains constant for short calls up to the 3-minute minimum.

(2) At this point the required capacity exceeds the capacity of one leased line.

(3) At this point the required capacity exceeds the capacity of one line; additional lines
to the exchange and data sets are required.

Figure 1. Cost Relationships between Message-rate and Flat-rate Facilities
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When the application calls for communication between only two points, a straighforward
application of the preceding ideas will usually provide the information necessary to determine
the type of communications facility that will be the most economical. Other considerations
that can affect the decision include the availability of the particular service selected in the
areas where data communications may be needed in the future, and the ease with which the
selected service will fit into future networks that may be included in the organization's long-
term plans.

.23 Planning Complex Networks

Added complexities arise when the application involves interconnection of a number of locations.
Often the information flow requirements vary widely between the various pairs of locations,
necessitating the use of different types of communications facilities and terminal equipment

for maximum economy. Careful consideration must be given to the compatibility relationships
among the various types of equipment selected, particularly where data must be extracted and
reentered at several different points in the network. Again, future plans should be considered
to ease the problems of expansion at a later date.

When the number of locations to be connected is large, consideration should be given to es-
tablishing concentrators, or switching centers. A concentrator is a device that combines or
multiplexes multiple messages from a number of lines for simultaneous transmission over

a single high-capacity line to a remote distribution center where the reverse procedure is
performed. Alternatively, all points in a network can be connected to a single switching center.
A switching center eliminates the necessity for interconnecting each pair of locations by means
of individual communications lines, while maintaining the capability for communication between
any two points in the network. Many combinations of these two basic concepts can be devised,
and one of these may prove to be the most economical solution for a specific application.

The complexities involved in selecting the most economical communications facilities for an
application involving a large number of locations necessitate the expenditure of a considerable
amount of technical effort. The local common-carrier communications consultants should be
consulted early in the planning stage for a data communications system that will use common-
carrier facilities. Other possible sources of help in planning a data communications system are
the equipment manufacturers' representatives and private consultants. For best results when
dealing with any type of consultant or manufacturer's representative, the information flow re-
quirements and all known problem areas should be well defined prior to requesting their assis-
tance.

.24 Reliability Considerations

Because the day-to-day operations of a business will usually become heavily dependent upon
the proper functioning of a data communications system once it has been installed, adequate
provisions must be made for reliable operation and for backup in the event of failure. Pro-
visions should be made to ensure that vital information, at least, can be transmitted even in
the event of a catastrophic malfunction, such as complete failure of a major item of equip~
ment or a communications line. I a public switched network is being used, service can
usually be restored simply by redialing the connection; the multiplicity of data paths in the
network provides an abundance of alternate routings. In the case of leased facilities, how-
ever, such alternate routings will not normally be available. If multiple lines are being used
to carry the communications load between a particular pair of locations, loss of one line will
naturally impair communications but will not hopelessly cripple the system's operation.

In any communications link that is implemented by only a single leased line, some thought
should be devoted to the provision of backup facilities. If the transmitted information is so
vital that delay of any of the information for any significant period of time cannot be tolerated,
serious consideration should be given to the provisions of duplicate line facilities. In a less
stringent environment, the public telephone network, TWX, or TELEX service may provide
adequate backup capability by enabling the transmission of urgent information to continue while
the malfunction in the normally used facilities is being located and repaired.
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Errors will occur in every data communications system. This basic truth must be kept in
mind throughout the design of every system. Important criteria for evaluating the per-
formance of any communications system are its degree of freedom from data errors, its
probability of detecting the errors that do occur, and its efficiency in overcoming the effects
of these errors.

Data errors occur primarily as a result of: (1) data transmission inaccuracies resulting from
the inherent characteristics of the communications links, and (2) equipment failures. As a
general rule, any error control technique that increases the reliability of the data transfer
also increases the system's complexity and cost. Thus, it is essential to weigh the type and
amount of error control required.

The degree of error control implemented in the design of a data communications system is
normally dependent upon the following factors:

® The Nature of the Data. If the type of data to be transferred via the data communi-
cations system is of a critical nature, then sophisticated techniques must be
employed to overcome data transmission inaccuracies. As an example, if data
relating to invoices or space vehicle check-out is being transferred, then a change
in a single digit can cause an embarrassing or dangerous situation. However, if
administrative-type messages are being transferred, then transmission errors
may not cause enough problems to warrant the cost and complexity of special
error control measures.

Regardless of the general nature of the data, one type of information that must
always be transmitted accurately is the control information that is exchanged
between terminals to control synchronization, retransmission, or other functional
operations. This control information is, of course, subject to the same errors as
the content of the messages. Techniques for ensuring that control information is
transmitted accurately include using rigid formats to facilitate error detection and
requiring that transmission of each control code be repeated a certain number of
times. Since the effectiveness of most error control techniques increases as
message length decreases, the exchange of control information is frequently
restricted to short transmissions which are logically independent of the main data
transmissions.

® The Type of Transmission Medium. The common types of transmission media
include open wires, cables, coaxial cables, high-frequency radio, and line-of-
sight microwave. When using common-carrier facilities, a system designer
usually has little control over the actual medium used; frequently, several types
are used to form a single connection between two locations. In many parts of the
world, a designer has little choice and must make the best of the media that happen
to be available. Different types of transmission media are subject to different types
of distortion and different error rates.

® The Transmission Medium's Environment. One communications facility may intro-
duce more errors into a data stream than another as a result of its environment, A
telephone cable exposed to continuous icy and stormy weather conditions is likely to
produce more data errors than a telephone cable in a more moderate environment.
Thus, the environment can significantly affect the type of error control required.

® The Data Rate. An error control technique that has been found adequate for data
transferred at a low rate may need to be improved if the same data is transferred
at a higher rate because noise that can cause errors in a link frequently occurs in
bursts. More bits will naturally be obliterated by each burst of noise at high data
rates than at lower data rates, and compensation for this effect may be necessary.
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Errors occurring as a result of equipment failures are not normally compensated for by the
error control techniques employed to guard against transmission inaccuracies. The concept
of equipment reliability is a major item for concern, and is by no means unique to data
communications systems. Unfortunately, meaningful quantitative data regarding the relia-
bility of individual data communications devices is extremely difficult to collect and correlate.
Briefly, the following steps can be taken to enhance the reliability of data communications
equipment: ’

® Use high-quality components with long mean-time-between-failures (MTBF) ratings.
® Provide equipment redundancy where justifiable; i.e., provide each critical system
component in duplicate or triplicate. (Where three or more components are used

on-line to perform the same function, automatic '""majority voting' logic can be used
to detect and overrule errors in any one component.)

® Provide appropriate sensors and alarms to ensure prompt detection of equipment
failures.

® Provide for ease of maintenance to minimize downtime due to equipment failures.
Having recognized the factors that determine the degree of sophistication required in the
error control provisions, one should then acquire a knowledge of the common causes of data

transmission errors and the error rates that can be expected.

CAUSES OF ERRORS

Several common causes of data transmission errors are explained in the paragraphs that
follow.

Noise

Errors can occur in a communications link because of random fluctuations which interfere
with the transmitted signal. These random fluctuations are classified as '"noise.' The
following two types of noise are generally of interest:

® Steady Line (Gaussian) Noise. This type of steady ''background'' noise frequently
interferes with speech transmission, but its effect upon digital data transmission
is usually not very significant if the signal-to-noise ratio is maintained at an
adequately high level through the use of repeaters (amplifying devices).

e Impulse Noise. Impulse noise is the type of noise which causes most errors in the
transmission of digital data. It is characterized by relatively high-amplitude peaks
or "bursts'' of short-duration pulses. These disturbances can be caused by
lightning, switching transients, electrical machinery, and other natural and man-
made phenomena.

Problems resulting from noise in a specific communications link can, in some cases, be
alleviated by having the common carrier add repeaters to improve the signal-to-noise power
ratio or bypass the areas where noise is found to be excessive.

Fading

When using line-of-sight microwave links, fading is a frequent cause of errors. The fading
seems to follow a random distribution in which there are periods of relatively constant signal
level followed by periods of considerable fading. Maximum fading is normally observed at
night during the summer months. During these periods, nonuniform distributions of
temperature and humidity can create steep dielectric-constant gradients in the lower
atmosphere; these gradients cause periods of fading.

AUERBACH Data Communications Reports



AUERBACH
®

AUERBACH

DATA
COMMUN
REPORTS

.23

.24

.31

ICATIONS

2200:03

ERROR CONTROL

Multipath Distortion

Multipath distortion occurs because of the differences in time of arrival of signals which
travel along different paths from a transmitter to a receiver. This situation is especially
noticeable at the radio frequencies at which long-range propagation is affected by reflections
from the ionosphere. The first and strongest signal to arrive is the one that takes the shortest
path; this signal is followed by signals of progressively lesser amplitude, with the result

that the duration of a transmitted pulse can appear to the receiver to be ""stretched.' If the
start of a second pulse is received before the first pulse has ended, interference will result.

The multipath distortion effect is especially troublesome on high-frequency (HF) radio
channels. As a result, data rates of approximately 50 to 100 bits per second are about the
highest rates that can be accurately transmitted over a single HF channel. Equipment is
available which overcomes this multipath problem to some extent by taking incoming serial
data, converting it to parallel streams, and transmitting these bit streams simultaneously
over multiple HF channels.

Amplitude and Phase Distortion

Amplitude distortion occurs when some frequency components of the digital signal are severely
attenuated by the communications medium; such distortion may render the received signal
unusable.

Phase distortion, often called ""envelope delay,' is caused by the fact that unequal transmission
times are required for signals at different portions of the frequency spectrum. Signal com-
ponents near the upper and lower edges of the signal frequency band spend a longer time in
transit than those in the center of the band. This effect can destroy the carefully balanced
phase relationship which must exist between all the frequency components of a digital data
pulse to get a true representation of the pulse.

By providing delay and amplitude compensation at the receiving terminal, a system designer
can often overcome both of these types of signal distortion and thereby increase the usable
bandwidth of a specific communications facility. Both fixed and adjustable means of com-
pensation are available.

ERROR RATES

Having considered the various sources of transmission errors in data communications sys-
tems, the system designer's next logical question is: How often will errors occur? The
answer to this question is usually far from straightforward; it necessitates a discussion of
the subject of error rates in communications facilities.

In most of the commonly used types of communications facilities, there are many error-free
periods followed by relatively short periods during which many errors may occur. The mean
error rate is highly sensitive to the averaging period, so it is not uncommon for error rates
averaged over 24-hour periods to differ by many orders of magnitude on successive days.

For some types of communications media, including microwave and high-frequency radio,
very little systematic data on error rates has been compiled and correlated to date. A
designer using one of these media must therefore estimate the frequency of occurrence and
the distribution patterns of transmission errors on the basis of his knowledge of the char-
acteristics of the medium and its performance in previous applications. In many specific
cases, the number and types of errors can be accurately determined only by means of a
well-designed test program and a detailed evaluation of its results.

The Public Telephone Network

Even for voice-band telephone facilities — despite their already widespread use for data
communications — the available data on error rates is quite limited. The most useful
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data on the subject is contained in three papers published in the Bell System Technical
Journal:

(1) Alexander, A. A., Gryb, R. M., and Nast, D. W., "Compatibilities of the
Telephone Network for Data Transmission," BSTJ, 39, p. 431 (May 1960).

(2) Morris, R., "Further Analysis of Errors Reported in Capabilities of the
Telephone Network for Data Transmission,' BSTJ, 41, p. 1399 (July 1962).

(3) Elliott, E. O., "Estimates of Error Rates for Codes on Burst-Noise Channels,"
BSTJ, 42, p. 1977 (September 1963).

The public switched telephone network is far from optimum as a means for data communi-
cations because it was designed primarily to handle voice communications. According to
reference (1), 'the connections that are established in completing telephone calls show a very
large variation in characteristics that are of importance to the transmission of data signals."
This situation is due to the fact that a variety of different types of transmission facilities are
used within the public telephone network (open wires, cables, coaxial cables, radio links, etc.),
and the number and types of switched links, or trunks, that are used to make up a given
connection are likely to vary widely from one call to the next. These variations in connec-
tions, coupled with all of the potential causes of errors discussed in the preceding paragraphs,
mean that it is extremely difficult to predict the frequency of errors that will be encountered
during any given call on the public telephone network. Therefore, it is especially important
to provide adequate means to detect and correct, or compensate for, the errors that do occur.

Reference (1) describes an extensive field testing program that was carried out by the Bell
System to determine:

® The basic data transmission characteristics of the public switched telephone net-
work

® The frequency of error occurrence at different transmission speeds (600 and
1200 bits per second) and different distances (local exchange, '"short hauls'" of up
to 400 miles, and "'long hauls" of 400 to 3000 miles)

® The factors that cause errors to occur

A total of about 1100 test calls were made between a wide variety of locations, using experi-
mental data sets that employed frequency-shift modulation. Statistics on the occurrence of
errors were accumulated, and a detailed analysis of the results was carried out by both the
original investigators (1) and Morris (2). A brief summary of some of the principal results
is presented in Tables I and II. Table I shows the approximate percentage of total calls of
each type and transmission speed in which the error rate was found to be higher than one

bit in error per 100,000 bits transmitted. Table II shows the approximate percentage of calls
in which the error rate was found to exceed one bit per 10, 000 bits transmitted. Since a wide
variety of other significant findings regarding error rates, error burst patterns, and circuit
quality were reported, the reader is urged to refer to the original papers.

Leased Voiceband Lines

Leased voiceband lines generally provide a higher degree of freedom from transmission
errors than the switched telephone network because: (1) leased lines are not subject to the
highly variable connections that can occur from call to call in the switched network, and
(2) leased lines can be specially conditioned to permit higher data rates with lower error
rates. A number of different classes of leased voiceband facilities are available from the
common carriers, as described in Paragraph 3200.2; they differ primarily in the type of
conditioning employed to achieve different envelope delay and frequency response charac-
teristics.
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TABLE I. FREQUENCY OF CALLS WITH ERROR RATES OF MORE
THAN 1 BIT PER 100,000 BITS TRANSMITTED (1)

Type of Call Transmission Speed Percent of Calls
Local exchange 600 bps 15%
1200 bps 30%
Short haul (to 400 miles) 600 bps 18%
1200 bps 35%
Long haul (400-2500 miles) 600 bps 26%
1200 bps 42%

TABLE II. FREQUENCY OF CALLS WITH ERROR RATES OF MORE
THAN 1 BIT PER 10,000 BITS TRANSMITTED (1)

Type of Call Transmission Speed Percent of Calls
Local exchange 600 bps 2%
1200 bps 4%
Short haul (to 400 miles) 600 bps 2%
1200 bps 6%
Long haul (400-2500 miles) 600 bps 10%
1200 bps 10%

Error Distribution

In addition to the overall average error rate, another important factor to consider in planning
an error control scheme is the probability that successive errors will occur within various
time intervals after the occurrence of an initial error. The probability of errors occurring
in "bursts'' varies with the data rate; a noise pulse of short duration may obliterate only one
bit of data at a low data rate, while the same noise pulse may affect two or more bits of data
transmitted at a higher rate. Information about the error distribution pattern, in terms of the
lengths of error bursts and the number of good bits transmitted between error bursts, is
highly important in planning and implementing techniques for the detection and correction of
data transmission errors. Here again, the available data on the subject is quite limited, so
an experimental test program may be called for in specific cases. With respect to the public
telephone network, all three of the references cited in Paragraph . 31 deal with the subject of
error distribution, although there appear to be some anomalies in the reported findings.

ERROR DETECTION AND CORRECTION TECHNIQUES

Realizing that errors will occur in every data communications system, a system designer
must provide adequate means for detecting and correcting enough of these errors to enable
the system to perform its primary function of transmitting useful information from one
location to another. '"Error detection' implies determination of the fact that one or more
errors have occurred. 'Error correction' implies taking measures to overcome the effects
of detected errors and ensures that the correct information is ultimately received. Error
detection, therefore, is a prerequisite for error correction, since no error can be
corrected without positive knowledge that it has occurred.

Numerous techniques are available both for detecting and correcting data transmission errors.

The system designer, recognizing that nearly every measure that increases the reliability of
a system will also increase its complexity and cost, must decide upon the type and degree of
error control to be used. Please refer back to Page 2200:01 for a discussion of the factors
that influence this choice. A number of important specific techniques for detecting and/or
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correcting errors in data communications systems are individually discussed in the following
paragraphs. (See also Users' Guide, Paragraphs 6000.5 and 8000.5 for explanations of the
manner in which AUERBACH Data. Communications Reports describes the error detection
and correction techniques used in specific types of communications terminal equipment and
communications processing equipment, respectively.)

Validity Checking

A validity check simply determines whether a received data code is one of a number of
permissible bit configurations. This type of checking is usually performed on each character,
and any bit configuration that does not represent a legitimate member of the character set is
considered an error. Validity checking, in most cases, is of limited value in detecting errors
and of no value in correcting them automatically.

Constant-Ratio Codes

A constant-ratio (or fixed-ratio) code is one in which every member of the character set is
represented by the same number of 1 bits and the same number of 0 bits as every other mem-
ber. When this specialized form of validity checking is used, the receiving terminal can
ascertain the validity of each received code pattern by simply counting the number of 1 bits

it contains. A constant-ratio code will detect all single-bit errors and all errors in which the
total number of erroneous bits within a character code is odd. Many 2-bit, 4-bit, and 6-bit
errors will also be detected; in order for a 2-bit error to remain undetected, it would be
necessary for a 0 bit to be changed to a 1 and a 1 bit to a 0, and such double inversions are
uncommon.

Constant-ratio codes are simple to generate and to check, and they provide a fairly high
degree of assurance that errors will be detected. They do not permit automatic error
correction because there is no way to tell which of the individual bits is erroneous in a code
configuration that is found to be invalid. A further disadvantage of constant-ratio codes is
the increased number of bits they require in order to transmit a given amount of data. A
4-0f-8 constant-ratio code (in which each 8-bit code contains four 1 bits and four 0 bits), for
example, permits only 70 valid bit configurations and therefore limits the character set to

70 distinct members; using pure binary codes, in which all of the bit configurations are valid
and no error-control information is transmitted, a 6-bit, 7-bit, or 8-bit code will accommo-
date 64, 128, or 256 distinct character codes, respectively. Thus, the use of a constant-
ratio code necessitates the transmission of more bits per character and/or a reduction in the
size of the character set.

One-Dimensional Parity Checking

There are numerous types of "redundancy checking,' in which one or more additional bits

are added to each group of data bits in accordance with a specific formulation rule. Among
these, the simplest and most commonly used type is parity checking, in which one additional
bit, a "parity bit,"" is added to each group of data bits (usually to each character). The added
bit will be either a 0 bit or 1 bit, whichever value is required to make the total number of

1 bits in each character either even (in even parity checking) or odd (in odd parity checking).
Checking is accomplished by determining whether the received data still conforms to the parity
formulation rule.

One-dimensional parity checking, because of its simplicity and relatively low cost, is widely
used in data transmission, in data recording on punched tape and magnetic tape, and in inter-
nal storage devices. Only one additional checking bit needs to be transmitted with each group
of data bits, and all single-bit errors are detected. On the other hand, simple parity checks
are of no assistance in error correction, and errors involving an even number of bits cannot
be detected (i.e., if two, four, or six 1 bits are "'dropped" from the transmitted code for a
single character, the parity rule will still be satisfied).

In addition to the character parity checking scheme described in the preceding paragréphs,
there is another type of one-dimensional parity checking, called longitudinal or message
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parity checking. This type involves accumulating a separate parity count for each code level,
or bit position, in the transmitted character codes, and appending a single '""check character"
at the end of the message or block. Each bit of the check character will be a 0 or a 1, which-
ever is required to establish the proper message parity for the corresponding code level.
Longitudinal parity checks have the same basic limitations as character parity checks, and
their generation usually requires more complicated circuitry. Therefore, longitudinal
checking is not often used alone; more often it is combined with character parity checking to
form the two-dimensional scheme described in the following paragraphs.

Two-Dimensional Parity Checking

A two-dimensional parity check combines the character and longitudinal parity checking
techniques described above; a parity bit is added to each character, and a check character is
appended to each message or block. The check character contains a bit corresponding to
each level of the transmitted codes, including the parity-bit level. Figure 1 illustrates

the implementation of a two-dimensional odd parity check for a message consisting of seven
characters in a code with six data bits per character.

A two-dimensional parity check ensures the detection of all bit errors up to a total of three
in any one message or data block. When more than three errors occur, it is possible that
they will be arranged in such a way as to be undetectable. For example, if the four 1 bits
within the box in Figure 1 were all erroneously converted to 0 bits during transmission,

both the character and longitudinal parity checks would still be satisfied and the errors would
not be recognized.

Code Level:

Data Characters

: o o o o o o

4

r-___
e

© O H KH © H © o [+
_ O R R R o o |
H o O H O © M o |w
O © © © © KH H M |»
olkr R|lo © © © ~ (o
o O O M ol»-U

Check Character:
Figure 1. Two-Dimensional Odd Parity Checking

Unlike the previously discussed techniques, two-dimensional parity checking also provides a
limited capability for error correction. This capability is limited to the correction of errors
involving an odd number of bits (1, 3, 5, etc.) within a single character. The character parity
check shows which character was erroneously received, and the longitudinal parity check
shows the code level or levels in which an error has occurred. Thus, by cross-checking the
parity indications, the erroneous bit(s) can be located and corrected. Not all equipment that
employs two-dimensional parity checking for error detection includes the additional hardware
that is required to take advantage of its error-correcting capabilities; retransmission of the
data and rechecking of the parities are often performed instead.

Error-Correcting Codes

Considerable theoretical work has been carried out on the development of high-level codes
designed for efficient detection and correction of data transmission errors. Codes of this
type include the Hamming codes, cyclic codes, Bose-Chaudhuri codes (a specific family of
cyclic codes), and dual-pulse codes. All of these codes tend to require: (1) the transmission
of a relatively large number of checking bits in addition to the data bits that comprise the
message itself, in order to provide the degree of redundancy required for reliable error
detection and correction; and (2) fairly complex and expensive error control equipment,
particularly at the receiving terminal. Both the amount of redundant information required
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and the cost of the associated equipment generally increase with increases in the ""burst
length, ' or number of consecutive errors, that the error control scheme is designed to be
capable of detecting.

Because of their complexity and cost, these high-level error-correcting codes have not been
widely employed in business data communications to date. For a definitive discussion of
these codes, the recommended reference is Error Correcting Codes, by W. W. Peterson,
MIT Press, 1961.

Automatic Retransmission

As the preceding paragraphs indicate, a number of fairly simple yet effective techniques are
available for detecting data transmission errors. The codes and techniques required to
correct the detected errors tend to be much more complex and expensive. As a result, most
of the data communications equipment in use today relies upon retransmission of all errone-
ously received messages (or segments thereof) rather than upon equipment that can auto-
matically regenerate the correct data from the erroneously received message and appropriate
redundant information. Frequently the data communication terminals are capable of initiating
and carrying out the retransmission process automatically, with no need for human interven-
tion at either end of the communications link. The retransmission process may be repeated
indefinitely until the message is correctly received or an operator intervenes; or the process
may be halted, with an appropriate indication, after a fixed number of unsuccessful trans-
missions.

ARQ (Automatic Request for Repeat) is a frequently employed "feedback' technique in which
the receiving terminal, upon reception and checking of data, instructs the sending terminal
whether or not to retransmit the same data. The command to retransmit is called an "RQ'';
the alternate command, which results in the continuation of transmission, is an "OK.'" Check-
ing, and transmission of the appropriate ARQ signal, can be performed on each character or
on each block or message.

Programmed Detection and Correction

All of the previously discussed error control techniques require special hardware. If the
communications network includes a stored-program computer as a switching or processing
element, additional error control techniques can be utilized. The logical and arithmetic
capabilities of the computer can be used to perform a variety of error detection and correction
functions. Validity and redundancy checks can be performed by programmed routines. The
redundant information can be in the form of additional bits added to the transmitted characters
(e.g., parity checks) or additional characters added to the transmitted messages (e.g., hash
totals). The computer's flexibility also permits checks upon the format of received messages
and the reasonableness of received data values.

When a stored-program computer is used to perform programmed error control functions,

the computer time available for handling communications data and for other processing func-
tions is decreased. A careful analysis should be made to ensure that the additional computer
time required for checking and correction functions does not reduce the computer's processing
capacity to a point where it will be unable to meet the system requirements for other functions.
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SYSTEM DESIGN: EQUIPMENT SELECTION

TERMINAL EQUIPMENT

The numerous communications terminals on the market today differ widely with respect to
input/output media, speed, flexibility, operating convenience, error control, compatibility
with other equipment, and cost. The system designer, faced with such a multiplicity of pos-
sible equipment choices and of factors influencing the decision, must approach the selection
of terminal equipment in a systematic, objective manner.

A suggested systematic procedure for terminal equipment selection follows; it consists of a
series of questions to be answered for each of the terminal devices whose suitability for a
specific application is being studied. These questions are designed to pinpoint quickly those
devices that are clearly unsuitable because of inadequate speed, incompatibility with other
equipment, excessive cost, etc., and to present a clear-cut comparison of the relative ad-

vantages and drawbacks of the remaining candidates. Furthermore, each of the questions can

be answered by simply turning to the indicated paragraph of the appropriate communications
terminal equipment report and relating the information there to one's own specific require-
ments. The meaning and significance of each specific report entry can be found in the cor-
respondingly numbered paragraph of the Users' Guide, which begins on Page 6000:01.

General Considerations

e What is the basic function of this terminal device? Are the types of communica-
tions facilities and input/output media it can utilize compatible with your needs?
(Paragraph ., 13)

e Will the equipment be available in time to meet your needs? (Paragraphs .16
and . 17)

Configuration

e Can each terminal configuration include a sufficient complement of equipment to
perform all of the required functions? (Paragraph . 2)

Input
o Are the facilities for accepting previously prepared input (cards, tape, etc.)
suitable with respect to type and size of medium, code, character set, and
message length?  (Paragraph . 31)
e Is the input speed sufficiently high to handle peak traffic loads? (Paragraph .31)
o Are there adequate facilities for inserting manually entered data at transmission
time? (Paragraph .32)
e Are there any limitations on message configuration that will affect the equipment's
suitability for the planned application? (Paragraph .35)
e Is the transmission process automatic, or will excessive operator attention be
required? (Paragraph . 36)
Output

® Are the output facilities suitable with respect to type and size of medium, code,
character set, and message length? (Paragraph .4)

o Is the output speed adequate to handle peak loads? (Paragraph .4)
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Error Detection and Correction

e Are the facilities for detecting errors in data entry, data transmission, and data
recording adequate to meet your reliability requirements without being excessively
sophisticated (and therefore costly)? (Paragraph .5 — also see the Error Control
section on Page 2200:01)

e Is the process for correcting errors automatic, or will excessive operator attention
be required? (Paragraph .5)

Condition Indicators

® Are adequate indicators provided to keep the operator informed of the device's
status at all times? (Paragraph . 6)

Data Transmission

e Is the data transmission speed sufficiently high? Does the rated speed differ when
different communications facilities are used? Is the line's transmission capacity
fully utilized? (Paragraph .71)

e Are the transmission code, mode (simplex, half-duplex, or full-duplex), order of
bit transmission, and synchronization technique compatible with the requirements
of other existing and planned equipment?  (Paragraph .71)

® Can the device be used with your existing or proposed communications facilities?
What are the data set requirements, if any? (Paragraph .72)

e Can calls be initiated and/or received automatically ? Is unattended operation
feasible ? (Paragraph .73)

® What functional operations (line spacing, feeding blank tape, etc.) can the device
perform in response to remotely issued commands? (Paragraph .73)

® Are there any provisions for multistation operations on "party line'" circuits ?
(Paragraph . 74)

Physical Specifications

® Will the device fit into the available space ? Can it utilize the available source of
electrical power? Are there any special, hard-to-satisfy environmental require-
ments? (Paragraph .8)
Price Data

® What is the rental (or purchase plus maintenance) cost for the basic component(s)
plus any required optional features? (Paragraph .9)

.2 PROCESSING EQUIPMENT

The currently available communications processing equipment spans a wide range of con-
figuration possibilities, speeds, processing capabilities, storage capacities, and costs.
Because of the greater complexity and cost of most communications processing equipment,
its selection presents an even greater problem for the system designer than does the se-
lection of terminal equipment.

Our suggested procedure for the selection of processing equipment, like the one for terminal

equipment, consists of a series of questions to be answered for each of the communications
processors whose suitability for a specific application is being investigated. The questions
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are designed to point out clearly the relative advantages and disadvantages of each candidate
and to indicate the ones that are worthy of more detailed investigation, This further investiga-
tion might take the form of a request for detailed proposals, coding and timing of a specific
""venchmark" application, visits to existing installations, studies by a consulting firm, etc.

In conducting or monitoring any of these activities, the information in AUERBACH Data
Communications Reports will continue to be of great value.

Each of the following questions can be answered by simply turning to the indicated paragraph
of the appropriate communications processing equipment report and relating the information
there to one's own specific requirements. The meaning and significance of each report entry
are explained in the correspondingly numbered paragraph of the Users' Guide, which begins
on Page 8000:01.

General Considerations

® What is the basic form and function of this equipment? Can it stand alone, or is it
always used in connection with an associated general-purpose computer system ?
(Paragraph . 13)

e Will the equipment be available in time to meet your needs? (Paragraphs .16
and . 17)

Configuration

e Can the equipment accommodate an adequately large number of communications
lines of the proper type(s) ? Are special adapters required? (Paragraph .21)

® Is the directly accessible internal storage (if any) adequate with respect to capacity,
word length, and speed? (Paragraph .221)

® Will the directly accessible mass storage facilities (if any) provide the required
storage capacity, speed of access, and data format? (Paragraph . 222)

e Can the available directly accessible input/output devices perform the required
functions at the required speeds ? (Paragraphs . 223 and . 224)

e Is there a sufficient capability for simultaneous operations to permit maximum
utilization of the processor's power? (Paragraph ,225)

® What are the characteristics of the associated general-purpose computer systems
(if any) ? Can the subject communications processor be used in conjunction with
an existing or planned general-purpose computer in your installation?
(Paragraph . 23)

® Which remote terminal devices can communicate with the subject processing
equipment ? What are their basic characteristics? What adapters are required ?
(Paragraph . 24)
Central Control

® What provisions are available for automatic initiation and/or reception of calls ?
(Paragraph . 31)

® What are the sizes and locations of the message input/output areas?
(Paragraph . 31)

® What facilities are available for performing arithmetic computation, editing, and

code translation? Are these facilities located in the subject equipment or in an
associated general-purpose computer? (Paragraph .32)
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e Is there a program interrupt system? How many distinct levels of interrupt con-
ditions are recognized? (Paragraph .32)

® What are the values of the basic processor performance factors: data transfer time,
scan time, communications data rate, and processor demand ? (Paragraph . 33)

® " Are there any special provisions for circuit and/or message switching ?
(Paragraph . 34)

Software

® What standard applications packages and subroutines are available to facilitate the
programming task? (Paragraphs .41 and ,42)

® What communications-oriented programming languages are offered? What are
their capabilities and the equipment requirements for utilizing them?
(Paragraph . 42)

Error Detection and Correction

® Are the facilities for detecting and correcting errors in input/output, data trans-
mission, and timing adequate to meet your requirements?  Are these facilities
automatic, or must they be programmed?  (Paragraph .5 — also see the Error
Control section on Page 2200:01)

Console Facilities

® Is adequate information provided to keep the operator informed of the equipment's
status and any required operator actions? What is the form of this information?
(Paragraph . 6)

Data Transmission

® Can this equipment be used with your existing or proposed communications
facilities? What are the data set requirements, if any? (Paragraph . 74)

® What are the characteristics of the available communications adapters: buffer
size, transmission speed, transmission code, transmission mode (simplex, half-
duplex, or full-duplex), order of bit transmission, and synchronization technique ?
Are these characteristics compatible with the requirements of other existing and
planned equipment ?  (Paragraph .7)

Physical Specifications

e Will this equipment fit into the available space? Can it utilize the available
sources of electrical power? Are there any prohibitively severe environmental
requirements? (Paragraph .8)

Price Data

e What is the rental (or purchase plus maintenance) cost for the basic components
plus any required adapters and optional features? (Paragraph .9)
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SYSTEM DESIGN: MESSAGE-SWITCHING SYSTEMS *

SUMMARY

This paper presents a tutorial discussion of message-switching systems. The emphasis is

on utility and operational aspects, although design considerations for an individual message-
switching center are also covered. A message-switching network is described, and the
differences between its operation and that of a circuit-switching network are pointed out. A
message is traced through the system, from a sender to a receiver. Multiaddress messages,
exchanges between different types of terminal equipment, and the use of high-speed trunks
are discussed.

The interrelationships among messages being processed are discussed, with special attention
being given to the queuing of messages, including the complexities of message priorities and
message preemption. Message protection measures are briefly discussed, along with the
necessity for virtually continuous operation. The paper concludes with a presentation of a
typical configuration of a message-switching center, with a discussion of both hardware and
software implications.

MESSAGE SWITCHING AND CIRCUIT SWITCHING

The two principal types of communications networks, circuit switching and message
switching, have the same general function. In a system of either type (Figure 1), one or
more switching centers communicate with a number of terminals and transmit messages
among them. When terminals connected with different centers communicate, they do so by
means of a routing through two or more centers.

Figure 1. Communications Network Including
Three Interconnected Switching Centers

* This portion of the system design section is an adaptation of a tutorial paper, '""The Use of
Computers in Message Switching Networks, " presented at the 19th National Conference of
the Association for Computing Machinery, August 1964, by Arnold B. Shafritz, Vice
President and Technical Director of AUERBACH Corporation.
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In a circuit-switching network, the role of the switching centers is to establish a direct
connection from one terminal to another. After the connection is set up, the terminals carry
on their communication, one-way or two-way. When the terminals are finished commun-
icating, the switching centers disconnect the circuit, restoring the system to readiness for
other connections.

The distinguishing characteristic of a message-switching network is that messages are
stored and forwarded. The originator transmits a message into the switching center at his
own speed, without waiting for a direct connection. As soon as this input transmission has
been completed, the sender is free to send other messages, thus realizing maximum utiliza-
tion of his input channel. Meanwhile, the network takes on the responsibility of relaying

the message to its destination when channels become available.

Such a system utilizes electronic data processing equipment in an entirely different way than
does a circuit-switching system. While the communication is necessarily one-way, there
are opportunities for processing the contents of the messages as well as for establishing
connections. In many ways, message switching achieves greater versatility than does cir-
cuit switching.

A message with a multiple address can be handled very efficiently. The transmissions to
the various addressees are independent of each other and can take place simultaneously or
successively, with no delay in any one transmission affecting any of the others. Also, the
terminal equipment of the sender and the receiver need not match. The equipment can oper-
ate at different speeds, or can even use entirely different formats, with the required trans-
lations being made by the central processor.

TRACING A MESSAGE THROUGH THE SYSTEM

Some of the details of the complex operation of a message-switching network can best be
illustrated by tracing the history of a message as it passes through the system. The steps
in the process can vary a great deal, according to the length of the message, the kind of
equipment used by the sender and the receiver, and many other factors. Some of these var-
iations will be mentioned along the way, but a complete treatment of all possibilities would
amount to a description of the whole message-processing program.

The process begins with the transmission of a message from the sender into the message-
switching center. He uses a format that is acceptable to the system, beginning with a
header including a list of addressees and other pertinent information such as security
classification and priority. The header is followed by the text and an ending, and all are
transmitted into the system just as they would be transmitted to an individual receiver,
using whatever channel-coordination procedures are appropriate to the system.

At the message-switching center, the incoming message is accepted into buffer storage,
where it is collected into blocks of some standard length. The center serves many input
lines and processes incoming message blocks cyclically. Upon receipt of the header, the
data processor begins input-processing the message. This may involve a conversion to a
universal code designed to accommodate the various kinds of equipment in the system. Some
interpretation of the message header may also be necessary. The addresses used by senders
may include group indicators for distribution to lists of several receiving terminals, and
these must be broken down into individual addresses. Distinctions are made between
addresses served by the center that initially received the message and those that call for
routing through other centers.

Transmissions do not begin immediately upon receipt of the header. For reasons that will

become clearer in the ensuing discussion, the entire message is first stored in the switching
center's message store. In the case of multiple addresses, the message may be stored in
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duplicate for each of its transmissions; or else it is stored once, and a system of message
bookkeeping is maintained to keep track of all its transmissions. The tables used for such
bookkeeping include information on priority and time of arrival, to be used in determining
when each message should be sent out.

Input processing entails many other details of bookkeeping, even for single-address mess-
ages. The center makes a permanent copy of each message it transmits, and it maintains
records of its throughput for protection from error and to permit statistical analysis of
the system's operation.

Once the message has been completely stored in the message-switching center, the input line
and buffer are released for subsequent use. The system continues to operate with the
message, carrying out further processing and making all necessary transmissions, after the
input transmission is finished. .

If the output line to one of the addressees is available, the output phase can begin as soon
as input processing and message storage have been completed. The actual transmission of
the message is preceded by output processing. This may involve changes of code and for-
mat according to the type of receiver, along with updating of bookkeeping tables. The
transmission itself is carried out by an inversion of the input procedure. The data pro-
cessor retrieves the beginning of the message text from its message store, loads it into
the buffer, and begins output transmission. Subsequent message blocks are transferred to
the buffer at a rate sufficient to keep it full, so that the output transmission can proceed at
the rate adapted to the receiving equipment. Transmission between the major switching
centers is over high-speed trunks, often with several independent channels, to minimize
delays in message delivery.

In a busy system, output lines will often be found occupied. The presence of multiaddress

messages, in fact, keeps outgoing lines even busier than incoming lines. A measure of the
effectiveness of a system is the degree of utilization of its lines, and when this is high, the
output lines may operate continuously over long periods.

Accordingly, outgoing messages will generally be placed in queues for transmission, and
will wait there for some time. Thus the output program will usually be deciding which
message is next for an output channel after it finishes a transmission rather than deciding
whether output channels are available for a newly-arrived message. It is quite possible

for extensive backlogs to build up for individual output lines, and this calls for a program of
queuing and selection.

A CLOSER LOOK AT QUEUING

The storage, queuing, and retrieval of messages constitute a large part of the operation of a
message-switching center. It is quite unlike the operation of a circuit-switching center,

and a closer look at this phase of the problem can show the nature of this application of com-
puters to data communications.

The queue generally consists not of the message texts themselves, but of a substantial
amount of information about the messages. This includes the information from the message
headers, and also a number of auxiliary tables. These may be kept in a different storage
medium, which calls for additional coordination of hardware and software.

The function of the queue is to select the next message for any output line that completes a
transmission. One way to accomplish this is to maintain separate lists for all the channels,
or possibly even to store separate copies of the message. Either technique gives the output
channel material to transmit continuously, as if it were all one message. But if the system
makes extensive use of multiaddresses, such duplication results in inefficient use of stor-
age space. It is then more practical to maintain one message store, governed by one mas-
ter queue.

The arrangement of messages is no small problem in itself. Incoming messages are
usually handled in increments, as the input program serves all input lines cyclically. To
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assemble the increments contiguously calls for a lot of manipulation and may waste storage
space by reserving room for the parts not yet arrived. The alternative is to scatter the
message increments as convenience dictates, with the parts linked together by means of
information stored with them or in auxiliary tables.

The arrangement of the message queue in memory also presents a problem. Messages may
be listed in the order of their arrival, but they are generally not removed in the same order.
The first message to arrive may need to wait for an output channel to be freed; and even
after a message has been transmitted, it may need to be retained for other transmissions if
it is multiaddressed.

An added complication may be introduced in the form of a hierarchy of precedence (priority)
classifications. This can be a very useful feature of the communications system, allowing
important messages to avoid delay by bypassing a string of messages of relatively low
urgency. But it adds an extra dimension to the message queue, requiring separate listings
for each precedence. This system can go beyond governing of the order of transmission,
and can allow high-priority messages to interrupt others during their transmission. In such
a system, message switching has an advantage over circuit switching in that an interrupted
message can be automatically retransmitted as soon as possible, with no further action by
the sender. But the possibility of interruption necessitates that the entire contents of a
message be retained in storage until its last transmission has been completed.

So it can be seen that an output transmission must be preceded by a considerable routine

of decisions and updating of information. The end of a transmission triggers the process.
The queue entry for the message just completed includes information of all transmissions
that are in progress, and the completion calls for revision of this information. If there are
no more destinations for the message, the queue entry is removed, and linking information
in the queue table is adjusted accordingly.

The next message for the output channel may be selected from the queue in advance of the
time when it is actually needed to minimize the elapsed time between messages. It is
important to keep output lines busy whenever possible, particularly when a backlog of mess-
ages is occupying the message store. Every output transmission relieves the computer's
store, not only of the storage of the text, but also of the attendant bookkeeping data. There-
fore, as little time as possible should be spent between transmissions. Message selection
should not, however, be done too far in advance, because later messages of higher prece-
dence may be better choices.

The selection is made by examination of queue entries, beginning with the highest prece-
dence and proceeding in order of the arrival of the messages in the system. When a suitable
entry is found, queue entries are revised appropriately, and the message is made ready for
sending out.

The mathematical theory of queuing shows that, under the circumstances encountered in
message switching, a memory of any finite capacity has some probability of being filled.

The system must provide some way to cope with overflow, either through the use of additional
storage or the control of inputs. This should be done in such a way as to minimize inter-
ference with the utilization of output lines. Messages nearly ready for output transmission
should be available in moderately fast-access memory (core, high-speed drums); but over-
flow storage can utilize a less accessible store (discs, tapes). Similarly, messages des-
tined for inoperable output lines can be removed to a slow-access intercept storage, or even
off-line (tapes).

.5 MESSAGE PROTECTION

Even more important than overflow storage is the system's safeguards against internal mal-
functions. In a message-switching system, "down times" of the data processor cannot be
tolerated as they might be in other applications. In store-and-forward service, the switching
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center takes on the responsibility for every message from the end of its input transmission

to the completion of its last delivery. The center must guard against distortion or loss,

and in cases where correct transmission becomes impossible, there should be feedback to the
sender to request retransmission.

Elaborate measures are called for to guarantee message protection. At any given moment, a
switching center may be in the middle of processing many different messages in both direc-
tions. If a malfunction occurs in any storage or processing device, there must be enough
information stored elsewhere in the center to enable it to analyze the situation and to repeat
whatever steps are necessary. This means that any item of information must be stored in

at least two independent places, and that the updating of queue tables and other auxiliary

data must be carefully synchronized so that operation can continue smoothly after correction
of a malfunction. If it is impossible to determine exactly where a transmission was inter-
rupted, procedures should lean toward pessimism. Repetition of part of a message is far
less grievous than a loss of part of it.

In the case of catastrophic errors, the rollback procedure need not be fully automatic.
Manual reinsertion of messages or other off-line procedures may be called for. The most
important thing to be avoided is the loss of a message, or part of one, without any indication
that the loss has occurred.

To accomplish such message protection, the system uses additional equipment beside its
output, input, and storage. Some of these features will be described in the following des-
cription of a typical configuration, including the equipment for duplicate storage.

.6 A TYPICAL CONFIGURATION

Figure 2 pictures a single message-switching center, with input/output lines to a number of
terminals and to the other centers in the network. The figure shows the communications
processor (CP) together with the major items of equipment it uses to store and forward
messages. The I/O processor may be a special-purpose computer itself, with provisions for
code conversion as well as for the arrangement of messages in buffer storage. The CP's in
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Figure 2. A Typical Message~Switching Center
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the system use one universal code during the handling of messages, and this code can be
converted for compatibility with any of several output media, regardless of whether they
match the input device.

Beside the main message store, the CP uses four memories of slower access and greater
capacity: a reference store to preserve a copy of each message segment as it comes into

the system; a journal that maintains current information on messages being processed; and
an intercept and overflow storage to relieve the main store of messages that cannot be trans-
mitted promptly. The reference and journal stores can be used in connection with manual

or automatic procedures to resume message handling, with no loss and a minimum of dupli-
cation, after a malfunction in the system.

Figure 3 is a very general diagram of the procedures in the CP program, to convey some
idea of the software requirements of a message-switching center. The data processor
cycles among the indicated functions, performing some regularly, others intermittently.
One message may require a number of cycles to go through the steps described earlier.

Input and output buffers are separate, but they are utilized similarly. The input/output equip-
ment includes indicators that can be sampled by the CP to determine the status of messages
in transit. The effects of circuit switching can be achieved in a message-switching center by
means of a "virtual cut-through, ' in which the input buffer for one channel is connected with
the output buffer for another.

Bookkeeping Statistics
Input Input
gggsersion Buffer Processing
Storage Control
Header
Inter-
pretation
Virtual
Cut- (Ei'\;::e Storage
Through y
Queue Overflow
Search Storage
Bookkeeping
Code Output Output
Conversion Buffer Processing
Storage Control R
ecovery
After
Malfunction
Priority
Interrupt

Figure 3. Procedures in the Communications Processor's Program
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The execution of this program calls for a fast processor with a large random access memory.
It needs a strong complement of instructions for character handling and logical decisions,
but comparatively little in the way of mathematical computation. Comprehensive input/output
facilities are required to adapt the processor to a variety of communications and storage

equipment, and a flexible system of program control is called for to handle a variable operating

cycle. These features make the communications processor the heart of an efficient and useful
communications network that can serve a variety of terminals with message transmissions
as rapid and reliable as the terminal equipment can handle.

CONCLTUSION

This brief survey has touched upon a number of advantages realized by the store-and-
forward technique. It provides very high line utilization because inputs proceed at the
sender's pace, and outputs are expedited by advance queue searches. At the same time, it
allows the versatility afforded by the multiprecedence queue.

The ability to handle several kinds of terminal equipment makes message switching partic-
ularly valuable in the integration of existing systems into major networks. Individual
terminals are not limited in their choice of communications equipment, nor is a high-speed
device ever forced to slow downtokeep in step with a slower one. Finally, the techniques

of store-and-forward service ensure against interruption of service or loss of messages, and
facilitate monitoring of the swit<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>